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MPR-SAT-FE-73-4
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - SA-513
SKYLAB-1
BY
Saturn Flight Evaluation Working Group

George C. Marshall Space Flight Center
ABSTRACT

Saturn V SA-513 (Skylab-1) was Taunched at 13:30:00 Eastern Daylight
Time (EDT) on May 14, 1973, from Kennedy Space Center, Complex 3G,

Fad A. The vehicle 1ifted off on a laurch azimuth of 90 degrees

east of north and rolled to a flight azimuth of 40.88 degrees east of
north. The launch vehicle successfully placed the Saturn Work Shop in

the planned earth orbit.

A1l launch vehicle objectives were accomplished. No launch vehicle
failures or anomalies cccurred that seriously affected the mission.

Any questions or comments pertaining to the information contained in
this report are invited and should be directed to:

Director. George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, SAT-E (Phone 205-45%-1030)
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Frequency Modulation

Flight Peadiness Test
Forward

Grand Bahama Island

Gas Bearina System
Suidance Cutoff Signal
Golds tone

Gas Generator

Gaseous Oxvgen

Guidance Reference Release

Ground Service Cooling
Unit
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GSE
GTK
Gl
HAW
rDA
HE
HFCV
HSK
ICD

IGM
MU
§
(T
18¢
KSC
KW
LKy
LMR
LOR
LOS
LOX
LSC
Lt
LV
LVDA

LVDC

LVGSE

ABBREVIATIONS (CONTINUED)

Ground Support Equipment
Grand Turk Islend

Guam

Hawai i

Holddown Arm

Helium

Helium Flow Control Valve
Honevsuckle Creek

Interface Control
Document

Iterative fGuidance Mode
Inertial Measurement Unit
Interstace

Instrument Unit

Johnson Space Center
Kennedy Soace Center
Kilowatt

Liquid Hydrogen

Launch Mission Rule
Lunar Orbit Rendezvous
Loss of Signal

Liquid Oxvaen

Linear Shaped Charge
Launch Umbilical Tower
Launch Vehicle

Launch Vehicle Data
Adapter

Launch Vehicle Digital
Comouter

Launch Vehicle Ground
Support Equipment

MAD
MAP
MDA
MILA

ML
MLC
MR
MRCV

MS
MSFC

MSEN

MTG
NASA

NFL
NPSP

NPV
OA

OAT
0ECO

oMPT

o7

Madrid
Message Acceptance Pulse
Multiple Dockino Adapter

Merritt Island Launch
Area

Mobile Launcher
Mobile Launcher Computer
Mixture Ratio

Mixture Ratio Control
Valve

Meteoroid Shield

Marshall Space Flight
Center

Manned Space Flight
Network

Mounting

National Perc -~atics and
Space Admini- .tion

Newfoundland

Net Positive Suction
Pressure

Nonpropulsive Vent

Orbital Assembly (SWS
Plus A CSM)

Overall Test

Outboard Engine Cutoff
Orbit Insertion
Observed Mass Point
Trajectory

Cperational Trajectory

Orbital Work Shop (A
Modified S-IVB Stage)



PACSS

PAFB
PCB
PCM
PCM/FM

PIO
PRA

PS
PTCS

PU
PWM

RACS

RF
RP-1

SA
SA
SACS

SAS
SC
SCFM

SCIM

ABBPEVIATICNS

Project Apollo Coordinate
System Standards

Patrick Air Force Bace
Printed Circuit Board
Pulse Code Modulation

Pulse Code Modulation/
Frequency Modulation

Process Input/Output

Patrick Reference
Atmosphere

Payload Shroud

Propellant Tanking
Computer System

Propellant Utilization
Pulse Width Modulator

Free Stream Dynamic
Pressure

Remote Automatic
Calibration Systen

Radio Frequency

Hydrocarbon Fuel (S-IC
Stage)

Saturn
Service Amm

Service Arm Control
Su1{ tches

Solar Array System
Spacecraft

Standard Cubic Feet per
Minute

Standard Cubic Inch per
Minute

(CONTINUED)

SL

SRSCS
STOV

SV
SWS

TACS
TCS
TCS

TEX
™

TSM
TVvC
USB
ur

VA

VAN
vDC
VHF
VI8
WLe
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Skylab
Service Module

Secure Range Safety
Command System

Start Tank Discharge
Valve

Space Vehicle

Saturn Work Shop (OWS,
AM, MDA, ATM, PS and IU)

Thruster Attitude Control
System

Thermal Conditioning
System

Terminal Countdown
Sequencer

Corpus Christi (Texas)
Telemetry

Tail Service Mast
Thrust Vector Control
Unified S-Band
Universal Time

Volt Amperes
vanguard (Ship)

Volts Direct Current
Very High Frequency
Vibration
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MISSION PLAN

The Saturn v SA-513 (Skylab-1) is tc place the Saturn Work Shop (SWS)
n 1 nearlv circuler earth orbit at an altitude of 234 n. mi. and inclined
50° to the equator. SA-513 is comprised of the S-1C-13, S-11-13, and the
fnstrument Unit (JU}-513. This is the first flight in the Skylab Program
and the only planned flight incorporating the SWS payload.

eduled to occur on the 14th of May 1973 from Launch Complex
29, Pad £ of the Kennedy Space Center (KSC) at 1:30 p.m., EDT. The
vehicle is aligned along 3 90° azimuth at liftoff. Following liftoff
the vehicle rolls to a flight azimuth of approximately 41° measured east
of north. Ve icle weight at ignition is nominally 6,297,336 1bm.

Launch 15 scheduled

The S-1C stage powered flight lasts approximately 158 seconds. The S-11

stage provides powered flight for approximately 430 seconds inserting

the SWS into its circular orbit. Separation of the SWS from the S-II

will be accomplished through the use of retro-motors located on the

S-11 stage whose thrust places the S-II into an elliptical orbit of

234 x 197 n. mi. altitude. Vehicle weight at Guidance Cutoff Signal

%SSS% is nominally 319,129 1bm. SWS weight after separation is nominally
,180 1bm.

A maneuver of the SWS to the local vertical attitude will be commanded
from the IU at 599 seconds. The payload shroud (nominally 25,640 1bm)
will be jettisoned from this attitude at approximately 908 seconds.

The rext planned attitude change will place the SWS into a solar inertial
body attitude with the positive Z body axis pointed at the center of the
sun and the X body axis in the orbital plane and pointing in the direc-
tion of the sunset terminator. This orientation is to be maintained
until control is transferred to the Apollo Telescope Mount (AT™).

ATM and associated solar array deployme. 't are accomplished under the
direction of the IU nominally at 998 and 1492 seconds, respectively.

ATM telemetry is activated at approximately 2208 seconds.

Orbital Work Shop (OWS) solar arrays are to be deployed at 2465 seconds,

and the meteoroid shield is to be deployed at 5763 seconds to provide

OWS thermal control capability. Command of the Thruster Attitude

Control System is transferred to the ATM digital computer at 17,400 seconds.

No experiments are assigned to the SA-513 launch vehicle.
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FLIGHT SUMMARY

The first launch vehicle of the Skylab series, SA-513 (Skylab-1), was
launched at 13:30:00 Eastern Daylight Time (EDT) on May 14, 1973, from
Pad 39A of the Kennedy Space Center. The performance of the launch
vehicle was satisfactory and a1 MSFC objectives were accomplished.

The ground systems supporting the SA-513/Skylab-1 countdown and launch
performed satisfactorily except for the occurrence of LVGSE Mobile
Launcher computer drum read errors. This malfunction caused no launch
delay. There were no unscheduled holds in the countdown. Damage to the
pad, Launch Umbilical Tower (LUT) and support equipment was considered
minimal.

The vehicle was launched on an azimuth 90 degrees east of north. A
roll maneuver was initiated at 12.2 seconds that placed the vehicle on
a flight azimuth of 40.880 degrees east of north. The trajectory para-
meters were close to nominal except the S-IC velocity which was 18.0
meters per second greater than nominal at the ourboard engine cutoffs.
The iargest contributors to this velocity have been identified as the
tailwind and "igher stage specific i.mpulse. S-I1 stage performance
deviated from nominal because the aft interstage failed to separate.
The Saturn Work Shop (SWS) insertion conditions were achieved 0.64
second later than nominal with altitude nominal and velocity 0.6 meter
per second greater than nominal. Orbital insertion parameters of the
spent S-II stage deviated slightly from nominal but recontact with the
SWS was precluded for at least eight months.

A1l S-IC propulsion systems performed satisfactorily. The propulsion
performance was very ciose to the predicted nominal. Overall stage site
thrust was 0.07 percent higher than predicted. Total propellant con-
sumption rate was 0.11 percent lower than predicted and the total
corisumed mixture ratio was 0.46 percent higher than predicted. Specific
impulse was 0.i8 percent higher than predicted. Total propellznt con-
sumption from Holddown Arm release to Outboard Engines Cutoff (OECO)

was 10w by 0.18 percent. The F-1 engine model specificatien LOX pump
inlet total pressure upper limit of 150 psia was exceeded by all engines
at Center Engine Cutoff (CECO) as predicted. Engine 5 exceeded the
specification by 4 psia and Engines 1, 2, 3, and 4 by 2 psia. The
higher pressures are attributed to the higher boost acceieration
schedule for the Skylab mission than for Apollo and caused no problem
for flight. The F-1 engine shutdown sequence was cha from che 1-4
sequence used on previous flights : a 1-2-2 sequence {Engines 5, 1-3,
2-4) to reduce vehicle dynamics. CECO was initiated by the Instrument
Urit (IU) at 140.72 seconds, 0.02 seconds later than planned. O0ECO was
initiated by the LUK depletion sensors for engine pair 1-3 at 158.16
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seconds and for engine pair 2-4 it 158.23 as predicted. At OECO of
engine pair 1-3, the LOX residual was 30,582 1bm compared to the pre-
dicted 37,175 1bm and the fuel residual was 27,727 1bm compared to the
predicted 31,337 1bm. The S-IC hydraulic system performed satisfactorily.

The S-II propulsion systems performed satisfactorily throughout the
flight. The S-II Engine Start Command (ESC), as sensed at the engines,
occurred at 160.61 seconds. CECO was initiated by the Instrument Unit
(IU), based on characteristics velocity, at 314.05 seconds. OECO,
initiated by an IU velocity signal, occurred at 588.99 seconds giving
an outboard engine operating time of 428.38 seconds or 0.7 seconds
longer than predicted. Engine mainstage performance was satisfactory
throughout flight. The total stage thrust at the standard time slice
(61 seconds after S-II £SC) was 0.13 percent below predicted. Total
propellant flowrate, including pressurization flow, was 0.18 percent
below predicted, and the stage specific impulse was 0.05 percent above
predicted at the standard time slice. Stage propelliant mixture ratio
was 0.54 percent below predicted. Engine thrust buildup and cutoff
transients were within the predicted envelopes. The propellant manage-
ment system performance was satisfactory throughout loading and flight,
and all parameters were nominal. Fropellant residuals at 0ECO were
16,616 1bm LOX, 2319 1bm less than predicted and 5876 1bm LHp, 319 ibm
less than predicted. Control of Engine Mixture Ratio (EMR) was accom-
plished with the two-position pneumatically operated mixture ratio
control valves. The low EMR step occurred 1.1 seconds later, relative
to ESC, than predicted. The performance of the LOX and LH> tank pres-
surization systems were satisfactory. Ullage pressure in goth tanks
was adequate io meet or exceed engine inlet net positive suction
pressure minimum requirements throughout mainstage. The engine ser-
vicing, recirculation, helium injection, and valve actuation systems
performed satisfactorily. A1l orbital safing operations were performed
satisfactorily. Safing of the LHp and LOX propellant tanks was verified
by ullage pressures which decayed tc less than 50% of design burst values.
The engine helium and hydrogen pressure spheres were safed successfully
when the vent valves were opened at 805.1 seconds. S-II hydraulic
system performance was normal throughout the flight.

tEvaluation of the structural performance of the launch vehicle shows no
area of concern for the SA-513 vehicle, and 211 conditions were well
within the envelope observed on recent Apollo flights. The maximum
structural loads were experienced during the S-IC boost phase and were
below the design values. The maximum bending moment was 82 x 106 1bf-in
at the S-IC LOX tank (approximately 40 percent of the design value).

The maximum longitudinal transient responses at the IU were +0.15 g and
+0.05 g and occurred at S-1C CECO and OECO, respectively. These values
are lower than those observed on recent flights. During S-IC boost
phase the expected small oscillatory response in the first longitudinal
mode (6 Hz) was observed from approximately 95 seconds until CECO. The
Instrumer: Urit semsors reached +0.06 g just prior to CECO. This is the
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same level experienced on AS-512 and AS-511. POGO <id not occur during
S-11 boost. The SA-513 vibration levels were similar at liftoff and
iower during subsequent fiight as compared to those experienced on
pFrevious missions.

The Guidance and Navigation System successfully supported the accompiish-
ment of all guidance and navigation mission objectives with no discre-
pancies in performance of the hardware. The end conditions at orbit
insertion were attained with insignificant error. An anomaly related to
the flight program occurred at 3805 seconds, during the first orbital
revolution. This was a switch from the inertial platform pitch aris

gimbal fine resolver to the backup gimbal resolver. A single test

failure of the yaw axis gimbal resolver "Zero Reasonableness Test"

occurred at 190 seconds. Guidance and navigation system components
responded to the physical excitations experienced by the vehicle at 63

and 593 seconds. A change in the navigation scheme was instituted on

this flight to avoid the possibility of introducing significant errors
because of lateral acceleromete~ pickups limiting against their mechani-
cal stops during 1iftoff. However, telemetry data indicated that no
timiting occurred. The guidance scheme was modified to include inertially-
referenced pitch, as well as yaw, commands for the tower clearance maneuver
because of the orientation of the platform coordinate system, required by
the northerly flight azimuth. A yaw steering command profile based on
increased anticipated cross-wind components was added to the atmospheric-
boost phase of guidance.

The contr~1 systems functioned correctly throughout the flight of SA-513.
Engine gimbal deflections were nominal. Bending and slosh dyammics were
adequately stabilized. No undue dynamics accompanied any separation,
however, the S-IC/S-11 interstage failed to separate and caused high
temperature and pressures in the S-II thrust cone region during the S-1I
burn. The failure is attributed to damage to the linear shaped charge
or its cover resulting from Orbital Work Shop (OWS) meteoroid shield
debris.

The SA-513 launch vehicle electrical systems performed satisfactorily.
The emergency detection system, in an open loop configuration, functioned
properly. The operation of the batteries, power supplies and switch
selectors was normal. A1l exploding bridge wire firing units performed
normally including the S-11 second plane separation EBW firing units.

The SA-513 base pressures were similar to Apollo flights except for the
effect of the S-11 second plane separation failure. The S-IC base heat
shield was instrumented with two differential pressure measurements.

The S-IC flight data show trends and magnitudes similar to the Apollo
flight data. The S-II base region contained three absolute pressure
measurements. The measurement on the aft face of the heat shield showed
a similar trend and magnitude to Apollo flight data. Measurements on the
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forward face of the heat shield and thrust cone surface agreed with

Apclle flight data up tc the time of second plane separation. Following
the time of second piane separation, however, the data from these measure-
ments remain at a higher level than that seen during the Apollo flights.
These higher levels, along with other anomalous data led to the conrlu-
sion that the S-IC/S-II interstage had faiied to separate. S-II forward
skirt pressure showed a more rapid decrease in pressure than was expected
after 67 seconds, indicating a leak in that area probably caused by

damage from meteoroid shield debris.

The thermal environments of the base regions of the SA-513 stages were
nominal except for the ef”act of S-II stage second plane separation
failure. The S-II base region thermal environment was expected to be
about the same as that experienced on Apollo flights. However, the
S-IC/S-II interstage failed to separate; consequently, the thrust cone
region temperatures following scheduled time of separation were greater
than experienced during Apolio flights. Aerodynamic heating environ-
ments were not measured on SA-513. Since the S-I1C/S-1I separation
dynamics for SA-513 were nominal, the heating rates to the S-I1C forward
dome and S-II base area during separation were well below maximum allow-
able values.

Environmental control system performance was satisfactory. The S-IC
stage forward compartment and aft compartment thermal environments

were adequately maintained throughout the launch countdown and S-IC
boost phase. The S-II stage engine compartment conditioning system
maintained the ambient {emperature and thrust cone surface tempera-
tures within design ranges throughout the launch countdown. The system
also mintained an inert atmosphere within the compartment. The IU
stage environmental control system maintained coolant temperatures,
pressures, and flowrates continuously within the required ranges and
design limits.

A1l data systems performed satisfactorily throughout the flight. Flight
measurements from onboard telemetry were 99.7 percent reliable. Tele-
melry performance was satisfactory and no hardware anomalies were
observed. Radio Frequency (kF) propagation was satisfactory, though

the usual interference due to flame effects and staging were experienced.
Usable Very Migh Frequency (VHF) data were received until 67,620 seconds
(18:47:00). The Secure Range Safety Command Systems (SRSCS) on the

S-IC and S-II stages were ready to perform their functions properly,

on command, if flight conditions during launch phase had required
destruct. The system properly safed the S-II destruct system on a
command transmitted shortly after completion of powered flight (589
seconds). The performance of the Cosmand Communications System (CCS)
was satisfactory from liftoff through 151,200 seconds (42:4C:45. Good
tracking data were received from the C-Band radar, with He.aii (HAW)
indicating last record of interrogation at 16,915 seconds (4:41:55).

In general, ground engineering camera coverage was good; however, there
was ro coverage of the 63 second anomaly because of cloud cover.
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Total vehicle mass, determined from post-flight analysis, was within
1.91 percent of prediction from ground ignition through S-11 stage
snutdown. This larger than anticipated difference was due mainly to
the C-IC/S-11 interstage rot separating as cxpected. Had the S-II
stage reciduals and OWS not been 4900 pounds less than bredicted,
this percentage would have been greater.

Skylab-1 launch vehicle instrumentatinn recorded unusual disturbances

at approximately 63 and 593 seconds during flight. The first evidence
of anomalous behavior was an increase in S-II stage antenna reflected
pover beginning at 59.87 seconds. At 62.76 seconds the Work Shop film
vault vibraticn measurement recorded a structural transient which
propagiied up and down the space vehicle. At approximately 593 seconds,
immediately after S-1T/0WS separation, another transient was recorded

on the IU and Orbital Work Shop (OWS) instrumentation. The cause of the
transient at 63 seconds wcs structural failure and release of the Orbital
iork Shop 'OWS) metecroid shield, and premature fracture of the OWS Solar
Array System (SAL) Wing No. 2 t-e down fittings, permitting Wing No. 2
to partially deploy. The 5t3 second transient was caused by the
partiaily deployed SAS Wing io. 2 being rotated past its fully deployed
position and torn from its hinges by impingement of the S-II retro

piume. The vehicle reacted properly to the disturbances originating

at the OWS. The origin of this anomaly was in a unique payload and
external to the launch vzhicle; therefore, no launch vehicle corrective
action is planned. The only sianificant effect was the damage causing
*he S-II second plane separation failure.

The planned Saturn Work Shop (SWS) activation and deployment functions
occurred as scheduled except for the solar array wing problems, witn
transfer of attitude control from the IU to the ATM at approximately

4 hours and 50 minutes. The payioad shroud was jettisoned, and the
Apoilo Telescope Mount (ATM) and its solar array were deployed as
planned during the first orbit. The OWS solar array Wing No. 1
released as planned during the first orbit but stopped after only a
few degrees of movement. This array was restrained from furiher wwve-
ment by debris from the meteoroid shield.

The first astronaut crew arrived at the SWS on May 25, 1973. After a
flya.-ound inspection and a soft docking, the crew undocked and attempted
to free the solar array Wing No. 1 using special tools while standing in
the open command mocule hatch. This activity was not successful. A
later attempt on mission day 14 using Skylab extravehicular activity
facilities was successful in deploying the wing which subsequently
operated normally.

The crew completed the deactivation procedures and left the SWS on
June 22, 1973, after a stay of 28 days.
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MISSION OBJECTIVES ACCOMPLISHMENT

Table 1 presents the Marshall Space Fiight Center (MSFC) launch vehicle
objectives for Skylab 1 as defined in the "Saturn Mission Implementation
Plan SL-1/SA-513," MSFC Document PM-SAT-8010.21, Revision A, dated
March 30, 1973. An assessment of the degree of accomplishment of each
objective is shown. Discussion supporting the assessment can be found
in other sections of this report as shown in Table 1.

Table 1. Mission Objective Accomplishments

DEGREE OF SECTION 1K
LUR LAUNCH VEHICLE OBJECTIVES ACCOMPL [ SMRENT DISCREPANCIES WHICH DISCUSSED

1 Boost and insert the Saturn Work Complete None [l
Shop (SWS) into,a circular esrth
orbit of about 234 n mi. 2ltj-

tude at an inclination of 50 .
with a descending node of 153.25 .,

2 | After earth orbit insertion, Complete None 4
separate the S-I1 stage from
the SWS so as to preclude
recontact with the SWS for
at lTeast eight months.

3 After separation, vent the Complete None 6
S-11 stage residual pro-
pellants and pressyrants to
make the stage safe from
expiosive overpressure.

4 | Provide attitude control signals Complete fone 9
to the Thruster Attitude Comtrol
System (TACS) until SHS attitude
control is switched to the Apollo
Teiescope Module Digital Com-
puter (ATHDC).

5 | Provide switch selector Complete None. Orbital Work 2 and 17
commands to initiate SWS Shop deployment prob-
deployment operations. lems were not re-
Tated to0 switch
selector coamands.

xxvif /xxviti



FAILURES AND ANOMALIES

Evaluation of the Skylab-1 launch vehicle and Launch Vehicle Ground
Support Equipment data revealed the four failures and/or anomalies
summarized below, the first and fourth of which are considered

significant.
VENIGLE . - CARELTIVE ACTIOR SECTIGM
ITEm SrSTER ARORALY O FATLGRE (TAUSE SIGMIFICANCE (CLASSIFICATION) VERAT ' REFEREWE
1 .11 SECOMD AT INTERSTAGE FAILED TO SEPARATE WOWE ON THIS MISSTOM  MOMEVER, SIMILAB | ENGINEERING CMANGL PADPOSAL 9.2
PLANE WEN COMAMROED AT 189.9 SECOMDS. OCCURRENCE ON WANRED MISSION COuLD - {ECP) 7129 ACTION PENDING. 101
SEPARATION (IWCOMPLETE PROPAGATION OF THe RESCLT TN CATASTROPNIC FAILURE [F WOT e
LIS SHPED OWRGE O TO DETECTED OR WANDATORY ABORT [F DETECTED. 2.0
DUGL FIOm OWs DEBCIS. (APD 19C SIGRIFICANT FAILURE, APD &4
NON- CONFORMARCE CATECORY [wmCC) 1)
2 L VGSE/ESE EMMEOUS REAQDUTS FRON THE WORILE PRECLUDED EXECUTTOR OF FOUR NOR-CRITICAL | NOWE. 33
LAMCMER (OMPUTER MEomETIC STORAGE CMmH FImCTIONS. 8D 1OU FAILyME,
-snm:nv.umsn D 28 weC 4)
{ INPREPER SEATING OF
mm "CIACUTT woamD. )
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A TGATION FINE RESOLVER SWITO®D TO TwE D & weC &) VILL S CHAMGED RO ) .4° TO
SACKP AESOLVER AT SE0S SECONDS 2.0° FOP S(-3 AND Si-4.
{ MPROPER SETTING OF TEST CwSTA?
RO WAL SNIFT W CONTROL SIGNAL TEN0 MEASOWAR -E55 TEST eArLuA
PRBCESSOR. EITWER SUFFICIENT TO WITHIN THE MCASINED CONTRDX SYS-
CAUSE FAILURE OF ZEND NEASOMABLE- TEW QEACBARD. [N THE EVENT
NESS TEST Ih CONTNEL BEABBARD. ) MOTHER RISSION SIMILAR TO
SL-1 VEME PLARED, OBMSIOEMA-
TION WOMLD BE GIVEW YO Tni-
S1TING TN TEST BTG
QERITAL OPERATIONS.
. LAEICy LANO: VEWICLE TNSTRSENTATION THE LAMION VEWICLE MEACTED PROPEWLY W0 CORMECTIVE ACYION PLANNED 7.0
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SYSTER (SAS) Wil W0. 2 WY ATOED
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle evaluation results of the SA-513 flight (Skylab-1). The basic
objective of flight evaluation is to acauire, reduce, analyze, evaiuzte
and report on flight data to the exteni required to assure future
mission success and vehicle reliability. To accomplish this objective,
actual flight problems are identified, their causes determined, and
recommendations made for appropriate corrective action.

1.2 scope

This report contains the performance evaluaticn of the major launch
vehicle systems, with special emphasis on problems. Summaries of launch
operations and Saturn Work Shop performance are included.

The official George C. Marshall Space Flight Center (MSFC) position at
this time is represented by this report. It will not be followed by a
similar report unless continued anaiysis or new information should prove
the conclusions presented herein to be significantly incorrect.

1.3 PERFORMANCE PREDICTIONS BASELINE
Unless otherwise noted, all performance predictions guoted herein for
comparison purposes are based on the SL-1 Launch Vehicle Operational

Trajectory Data for May 14 launch, transmitted by S&E-AERO-MFT-59-73,
dated May 3rd.
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SECTION 2
EVENT TIMES

2.1 SUMMARY OF EVENTS

Range zero occurred at 13:30:00 Eastern Daylight Time (EDT) (17:30:00
Universal Time [UT]) May 14, 1973. Range time is the elapsed time from
range zero, and is the time used throughout this report unless otherwise
noted. Time from base time is the elapsed time from the start of the
indicated time base. Table 2-1 presents the time bases used in the
flight sequence program.

Table 2-1. Time Base Summary

VEHICLE TIME® GROUKD TIML*~
TIME BASE SE CONDS SECONLS SICNAL START

T0 -16.95 -16.95 Guidance Reference Release

T] 0.59 0.5y 1U Usbilical Disconnect
Sensed by LVDC

TZ 140.79 140.7S Initiated by LVDC 0.1
Seconds after S-1C CECO
Command

T3 158.25 158.25 S-1C OICO Sensed by LVOC

T4 589.17 589.17 $-11 OLCO Sensed by LVDC

T‘A 919.27 919.27 Vehicle Achieved Gravity
Gradient Attitude
Within 5°

T5 29,399.53 29,399 42 First Conputation Cycle
After T4 + 28810 Seconds

*Range Time of occurrence as indicated by uncorrected LVDC clock,

i.e., the time of event as tagged onboard, converted to range time.

**Range Time of cround receipt of telem~tered <icnal from vehicle.

Includes telemetry transmission tine and LVDC clock correction.

See Figure 2-1.

The start of time bases Tp, Ty, Tp and T3 were nominal. T4 was initiated
approximately 0.7 seconds ]ate agter rece1v1ng the S-II velocity cutoff
and S-1I engines out interrupt as discussed in Sections 6 and 9 of this
document. Start time of T4A was approximately 13.1 seconds earlier than
predicted, initiated when the vehicle achieved an attitude within 5° of
being parallel with the local vertical. Time base Tg was initiated

by the Launch Vehicle Digital Computer (LVDC) during the first computation
cycle to exceed Tq + 28,810 seconds and was approximately 0.9 seconds
later than predicted.
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(MILLISECONDS)

GROUND TIME® MINY“ | yDf TIMeo

-

+
3 $.00C 10,00C 15,000 2C,065 25.00C 3,000 SR
RANGE TImE, SECONDC

4 2:00-0¢ 4:00:00 €:30 .22 & 3C:0C
RANGE TI™E, HOURS :MINUTES:SECONDS

¢ RANGE TIME OF GROUND RECE[P™ OF TELEMETERED SIGNAL FROM VEHICLE.
** LVDC TIME 07 OCCURRENCE

Fiqure 2-1. SA-513 LVDC Clock/Ground Time Differerce

Figure 2-1 shows the difference “ctween telemetry signal receipt at a
ground station and time ot occurrence of an event as indicated by tne
LVDC clock. This curve includes the adjustments for LVDC clock speed.

A summary of significant event times for SA-513 is given in Table 2-2.
The preflight predicted times have been adjusted to match the actual

first motion time. The predicted times for establishing actual minus
predicted times in Table 2-2 were taken from 40M336338, "Interface Control
Document Definition of Saturn SA-513/Skylab 1 Flight Sequence Program"
and from the Skylab-1 Launch Vehicle Operational Trajectory Data “or

May 14 launch as transmitted by S&F-ACRO-MFT-359-73, dated Mav 3, 1973,
2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS

Table 2-3 lists the switch selector events 'tich were issued during the
fiight, but were not programmed for specific times.



Tatle 2-2. Significant Event Times Summary

RANGE TIME TIME FROM BASE
17¢€ EVENT CESCRIPTION ACTUAL . CT=PRED TUAL ACT=PRED
SEC SEC SEC SEC
1 GUIDANCE QEFERENCE RELEASE -17.0 0.0 -17.5 0.1
(GRR )
2 [S=1C ENGINE STARY SEQUENCE -8.9 0.0 -9.5 «-0.1
COMMANLC (GROUND)
& [S=1C ENGINE NN,1 START -6.5 0.0 -71.0 0.0
S IS-IC ENGINE ND.3 STARY 67 0.0 7.2 0.0
6 IS=1C ENGINE N0O.2 STARTY ~6.7 0.0 -T2 0.0
7 |S=IC ENGIANE NC.& START -6.3 0.0 -6.8 0.0
B JALL S~I1C SMGINES THRUST 0K ~-1.8 -0.3 -2.% -0.2
10 JALL HCLNNOWN ARMS RELEASED 0.2 0.0 -0eh -0.1
(FIRST MOTION)
11 {TU UMBILICAL DISCONNECT, STARY 0.6 Ol 0.0 0.0
OF TIME BASE 1 (T1)
12 REGIN TNWER CLEARANCE PITCH 1.6 0.1 1.0 0.0
ANC VAW MANEUVER
13 [END PITCH MANEUVER S.8 0.1 5.2 0.0
1¢ {PEGIN PITCH AND ROLL PANZUVER 12.2 1.0 11.6 0.9
15 [S=1C OUTSOART ENGINE CANTY ON 20.95 0.0 20.0 0.0
l‘!
16 MaCu 6l.1 -0.% 60.95 =0.6
17 END R0OLL MANEUVER 63.5 0.0 62.9 0.0
18 MAXIMUM® DYNAPIC PRESSIRE 7.5 =1.5 72.9 ~1.5
(Max Q3
19 FLIGHY CONTROL COMPUTER SWIT(H 10%.5 0.0 10%.0 0.0
POINT NO. 1
20 FLIGHMY CONTROL COMPUTER SwiTiH 130.¢. 0.1 130.0 0.0
POINT NO. 2
21 [S=1C CENTER ENGIwE CUTOFF 1640.7 0.1 160.1 0.0
CCmmant
22 5-1C CENTER ENGINE CUTOFF 160,72 0.02 140.14 -0.04
(CECO)
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Table 2-2. Significant

Fvert Times Summary (Continued)

RANGE TIME | YIME FROM AASE
11r ™ LVENT DESCRIPTION LCTUAL ACT~PRED AC TUAL ACT-DRED
SEr SEC SEC SEC
23 ISTART OF TIME 3ASE 2 (T12) 140.8 0.1 9.0 9.0
2¢ 'S=1C OUTPCART ENGINES CUTNEF 152.5 0.1 11.7 0.0
ENABLE COMvVAND
29 I“EGIN TILT ARREST 159.,1 1.0 17.3 0.¢
25 |S-1C OUTANART ENGINE CUTOFF 153.16 0.01 17.27 -0.05%
(QECM)
27 1S=1C ENGINES NO. 1 € 3 CUTQEF 158,16 0.00 17.37 -0.07
2R [S=1C ENGINES NT. 2 £ & ZUTOFF 158,23 0.09 17.64 -0.07
29 [STARY NF TIwe QAGE 3 (T3) 158,2 0.0 0.0 0.0
10 (START S=11 L+H2 TANK HIGH 15f, 2 0.0 0.1 0.0
PRESSURE VENT MODE
31 [S~IT LH2 RECIRCULATION PUMPS 158, 4 0.0 0.2 0.0
CEF
32 [S=1C/S=-11 SEPARATINN CNMMAND 159.6 0.7 1.6 -0.1
TO FIRE SEPARATION OEVICES
ANC RETRC'MOTORS
33 |S=1{ RETRD MNTNR ESW FIRE 159.9 -0.1 1.7 0.0
SIGNAL
34 [SEPARATION STRUC TURE 159.9 ~0.1 1.7 ~0.1
COMPLETELY SEVERED
35 |S~11 ENGINE START SEQUENCE 160.6 0.0 2.4 0.0
COMMAND (ESC)
36 [S-11 ENGINE SCLENDID aCTIVAT- 160.6 0.0 2.6 0.0
ION (AVERAGE DF FIVE)
37 K-I1 IGNITiNN=STDV NPEN 161.6 0.0 L Y 0.0
38 1S-T11 CHILLDOWA VALVES CLOSE 163.5 0.2 5.3 0.0
39 kK-11 MAINSTAGE 3 SEC AFTER ESC 163,.6 C.0 S. % 0.0
«0 [S-11 #IGH ($.5) SMR NO. 1 ON 166.1 0.0 7.9 0.6
41 [S-T1 HIGH 15.5) EMR NO. 2 ON 196.3 0.0 8.1 0.0
©2 S=11 AFT INTERSTAGE SEPARAT[ONL 183,2 0.0 2%.0 0.0
ARNM NO. 1
%3 ARM NO, 2 183.3 0.0 25.1 0.0
46 B-11 SECCOND PLANE SEPARATION 189.9 0.0 3.7 0.0
COMMAND (JETTISON S~-I1 AFT
INTERSTAGE SEPARATION ¢ 1)
2-4
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Table 2-2, Significant Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ITENM EVENT DESCRIPYION ACYUAL ACT-PRED AC TUAL ACY-PE
SEC SEC S EC SEC

45 [s-11 SECONO PLANE SEPARAT ION 190.0 0.1 31.8 0.1
EAW FIRE SIGNAL &1 (M86-2068)

46 {S-11 SECCNC PLANE SEPARAT {ON 190.0 0.0 31.8 0.0
COMMAND (JETTISON S—I1 AFT
INTERSTAGE SEPARATYION # 2)

47 [S-11 SECNND PLANE SEPARATIOM _ _
EBW FIRE SIGNAL #2 (M87-206 )

48 [ITERATIVE GUICANCE MODE (IG™) 197.1 0.9 g0 0.8
PHASE 1 INITIATED

«9 [STEERING MISALIGNMENT (SMC) 216.4 -0.% s8.1 -0.5
INTTIATION ‘

€0 JFLIGHT CONTROL COMPUT ER SWITCH  220.4 0.0 62.4 0.0
PDINT 43

S1 |s-11 CENTER ENGINE CUTOFF 314.C -0.2 155.0 -0.2
COMMAND
VELOCITY DEPENDENT EVENT

52 |S-11 CENTER ENGINE CUTOFF 314,05 -0.19 155.79 -0.21
(CECO)

$3 [START OF TRANSITIONAL TAU 315. 1 0.8 156.8 0.7
MCCE BEGIN ICM PHASE 2

s¢ FLIGHT CONIROL COMPUTER SuITCH|  350.6 0.0 192.4 0.0
FCINY #&

$S [S-11 LOW ENGINE ™MIXVURE RATIO €03.7 1.1 265.4 t.¢
(EYMR) SHIFT (ACTUAL) .
VELOCITY DEPENDENTY EVENT

se Fun CF ARTIFICIAL TAU WODE YN 2.0 246.) 2.1
BEGIN I1G™ PHASE 3 |

s7 LEGIN TERMINAL STEERING $68.8 s.1 410.6 s.1

S8 [GUICANCE CUTOFF SIGNAL (6CS) 588, 96 0.66 430.71 0.63

$9 ls- 11 OUTBOARD ENGINE CUTOFF 588,99 0.67 430.74 . 0.66
(0ECO)

60 ISTARY OF TINE BASE & $89.2 0.7 0.0 0.0

61 [S-117SwS SEPARATION CCMMAND s91.1 0.6 2.0 0.0
TN FIRE SEPARATION DEVICES
AND RETAG MCTORS € 1

62 K-11/5uS SEPARATION CONMAND 591.2 €6 2.1 0.0
TO FIRE SEPARATION DEVICES
AND RETRO ®OTORS ¢ 2

:
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Table 2-2, Significant Event Times Summary (Continued)

————
TIME FROM BASE

RANGE TIME
1TEN EVENT DESCRIPTION KCYURL 1 1 AYUAL ] ACY-
SEC SEC SEC SEC
63 ls-11 RETRO MOTOR ERW FIRE $91.1 0.6 2.0 0.0
SIGNAL (M84-206,M85-206)
66 |SEPARATION EBW FIRE S IGNAL $91.2 0.7 2.1 0.1
(M101-206,M102-206)
65 |SEPARAT INDN STRUCTURE 591,1 0.5 2.0 -0.1
COMPLETELY SEVERED
65 [INITIATE S—I1 TIMER $91.2 0.6 2.0 -0.1
67 ls-11 NPV FIRING UNIT CHARGED $92.C -0.1 2.8 -0.8
68 JORBIT INSERTION $99.0 0.7 9.8 0.0
69 |BEGIN ManEUVER TO LNCAL 599.6 1.1 10.4 0.4
VERTICAL ATTITUDE
70 J*¢ INITIATE ALL SUI SAFING VENT] 805.1 ©.5 216.9 3.9
*¢SEQUENCED BY S-11 ONADARD
CCNTRCL AFTER S EPARAT [ON
71 [STARY OF TIME BASE ND A (T&A) 919.2 -13.1 0.0 0.0
12 LA'lDlD SHROLD JETTISON 920.4 -13.6 1.2 0.5
73 [INITIATE MANEUVER TO SOLAR 958.8 -13.5 369.6 -14.2
INERTIAL ATTIVUDE
764 |INITIATE ATV DEPLOYMENT 999.1 0.6 410.0 0.0
75 INITIATE ATM SOLAR ARRAYS 1692.2 0.6 903.2 0.0
DEPLOYRENT
76 |ATM TELEMETRY ON 2209.1 0.6 1620.0 0.0
77 |INITIATE OwS SOLAR ARRAYS 2465.7 0.6 1876.6 0.0
DE FLCYNENT
78 [INITIATE METEORO IO SMIELD S754.1 0.6 5175.0 0.0
DEPLOYMENT
79 [TACS COMM TRANSFER [U TO AT | 17400.7 0.6 16811.6 0.1
80 [START TIME BASE NO. S (TS) 29399.4 0.8 0.0 0.0
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Table 2-3. Variable Time and Commanded Switch Selector Events
RANGE TIME RS
TIME FROM REMA
FUNCTION STAGE (SEC) BASE (SEC)

Telemetry Calibrator v 672.4 Tq +83.3 Newfoundland

In-Flight Calibrate ON

Telemetry Calibrator 1] 677.4 T4 +88.3 Newfoundland

In-Flight Calibrate OFF

Water Coolant Valve 1U 949.2 Taq +360.1 Newfoundland

CLOSED

Water Coolant Valve Iy 3349.2 Tg +2760.0 | Newfoundland

CLOSED

Telemetry Calibrator Iu 3360.5 Tq4 +2771.3 Carnarvon

In-Flight Calibrate ON Revolution 1

Telemetry Calibrator v 3365.5 Tq +2776.3 Carnarvon

In-Flight Calibrate OFF Revolution 1

Telemetry Calibrator U 5704.5 Tq +5115.3 Texas

In-Flight Calibrate ON

Telemetry Calibrator 41} §709.5 Tg +5120.3 Texas

In-Flight Calibrate OFF

Water Coolant Valve v §749.2 T4 +5160.0 Texas

OPEN

Water Conlant Valve v 6049.2 Tqg +5460.1 Texas

CLOSED

AM Deploy Buses OFF SWS 11,038.7 Tq +10,449.5 LVOC Cosmand

Telemetry Calibrator (1] 11,096.5 Tq +10,507.3 | Hawai i

In-Flight Calibrate ON

Telemetry Calibrator v 11,.01.5 Tq +10,512.3 | Hawaii

In-Flight Calibrate OFF

Water Coolant Valve v 12,949.2 Tq +12,360.1 | Madrid

CLOSED Revolution 3

Telemetry Calibrator v 15,480.5 Tg +14,896.3 |} Honeysuckle

In-Flight Calibrate ON Revolution 3

Telemetry Calibrator U 15,485.5 Tq +14,896.3 | Honeysuckle

In-Flight Calibrate OFF Revolution 3

Telemetry Calibrator U 17,384.5 Tq +16,795.3 | Goldstone

In-Flight Calibrate ON Revolution 3

Telemetry Calibrator 1] 17,389.5 Tq +16,800.3 | Goldstone

In-Flight Calibrate OFF Revolution 3
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Table 2-3. Variable Time and Commanded Switch Selector Events
(Continued)
! RANGE TIME
FUNCTION STAGE TIME FROM REMARKS
(SEC) BASE (SEC)
Water Coolant Valve U 17,749.3 Tg +17,160.1 | Goldstone
OPEN Revolution 3
Teiemetry Calibrator IV 18,688.5 T4 +18,099.3 | Canary
In-Flight Calibrate ON Revolution 4
Telemetry Calibrator Y 18,693.5 Tq +18,104.3 | Canary
In-Flight Calibrate OFF Revolution 4
Water Coclant Valve U 25,249.3 T4 +24,660.1 | Ascension
OPEN Revolution 5
Telemetry Calibrator 1V 29,216.5 T4 +28,627.3 |Goldstone
In-Flight Calibrate ON Revolution 5
Telemetry Calibrator Iy 29,221.5 Tq 28,632.3 {Goldstone
In-Flight Calibrate OFF Revolution §
Command Rate )i 34,986.2 T +5586.7 LVDC Command
Measurement Switch Golds tone
Revolution 6
Water Coolant Valve v 35,449.3 Tg +6049.7 LVvDC Command
OPEN Goldstone
Revolution 6
Telemetry Caiibrator 1] 35,728.5 Tg +6329.0 Texas
In-Flight Calibrate ON Revolution 6
Telemetry Calibrator {1 35,733.5 Tg +6334.0 Texas

In-Flight Calibrate OFF

Revolution 6
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The ground systems supporting the SA-513/Skylab 1 countdown and

launch performed satisfactorily with the exception of the Launch
Vehicle Ground Support Equipment (LVGSE) Mobile Launcher computer
drum read errors. This malfunction, which is discussed in para-

graph 3.5.2 caused no launch delay. The space vehicle was launched

at 13:30:00 Eastern Daylight Time (EDT) (17:30:00 UT) on May 14, 1973,
from Pad 39A of the Kennedy Space Center, Saturn Complex. There were
no unscheduled holds in the countdown. Damage to the pad, Launch
Umbilical Tower (LUT) and support equipment was considered minimal.

3.2 PRE! AUNCH MILESTONES

A chronological sunwiary cf prelaunch milestones for the SA-513
launch is contained in iable 3-1. A1l stages, S-IC, S-II, and IU,
performed normally during the courtdown except during S-IC LOX
loading, when the vent valves were being cycled to maintain a 2-4
psig ullage pressure, the open position switch on the LOX vent
valve exhibited intermittent pickup or chatter. This occurred on
the middle 4 of 6 valve cycles, and did not occur during the
remainder of the countdown. It is believed that the chatter was
due to the effect of the higher vent flowrates during this period
when only one vent is used to vent the tank at 4 psig. This chatter
has occurred during this same time period on previous countdowns.
The chatter did not cause any problem nor affect valve operation.

3.3 TERMINAL COUNTDOWN
The SA-513/Skylab 1 terminal countdown was picked up at T-123 hours
on May 9, 1973. Scheduled holds were initiated at T-7 hours for a

duration of 30 minutes, and at T-2 hours for a duration of 1 hour.
The space vehicle was launched at 13:30:00 EDT on May 14, 1973.

At T-1 hour 58 minutes, it was determined that the readout of the
Mobile Launcher Computer (MLC) magnetic drum during the execution of
the SE8Y "Alternate Memory Checker Program" was erroneous. This is
discussed in paragraph 3.5.2.

3.4 PROPELLANT LOADING

3.4.1 RP-1 Loading

The RP-1 system successfully supported countdown and launch without
incident. Tail Service Mast {TSM) 1-2 fill and replenish was accom-
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Table 3-1.

SA-513/SL-1 Prelaunch Milestones

DATE

ACTIVITY OR EVENT

January 1, 1971
July 26, 1972
August 2, 1972
September 20, 1972
September 29, 1972
October 27, 1972
November 1, 1972
January 3, 1973

February 6, 1973

February 28, 1973
March 21, 1973
March 26, 1973
March 30, 1973
April 26, 1973
April 26, 1973
May 2, 1973

May 3, 1973
May 9, 1973
May 14, 1973

S-I1-13 Stage Arrival

S-IC-13 Stage Arrival

S-IC Erection on Mobile Launcher (ML) - 2
S-1I Erection

Saturn Work Shop (SWS) Erection
Instrument Unit (IU) - 513 Arrival

IU Erection

Launch Vehicle (LV) Electrical Systems
Test Completed

LV Propellant Dispersion/Malfunction
Overall Test (OAT) Complete

LV Service Arm QAT Complete
Space Vehicle (SV) OAT No. 1 (Plugs In) Calpl'eteL
SV Electrical Mate

SV Flight Readiness Test (FRT) Completed
SVML Transfer to Pad 39A

RP-1 Loading

Countdown Demonstration Test (CDDT)
Completed (Wet)

CDDT Completed (Dry)
SV Terminal Countdown Started (T-123 Hours)
SV Launch
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plished at T-50 hours and S-IC level adjust and fill line inert
occurred at about T-30 minutes. Both operations were satisfactory,
there were no failures or anomalies. Launch countdown support
consumed 211,373 gailons of RP-1.

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The
fill segquence began with S-II chilldown at 7:02 EDT, May 14, 1973,

and was completed 2 hours 5 minutes later with S-IC main fill complete
at 9:07 EDT. Replenishment was automatic through the Terminal Count-
down Sequence without incident. LOX consumption during launch count-
down was 532,000 gallons.

3.4.3 LH2 Loading

The LH2 system successfully supported countdown and launch. The fill
sequence began at 92:21 EOT, May 14, 1973, and was completed 45 min-
utes later when normal replenist was established at 10:06 EDT. S-II
replenish was automatic until terminated at initiation of the Termi-
nal Countdown Sequencer. Launch countdown support consumed approxi-
mately 335,000 gallons of LH3.

3.5 GROUND SUPPORT EQUIPMENT
3.5.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all
stages of the launch vehicle was satisfactory. Overall damage to
the pad, LUT, and support equipment from blast and flame impingement
was considered minimal.

The Propellant Tanking Computer System (PTCS) adequately supported all
countdown operations and there was no damage or system failures.

The Environmental Control System (ECS) successfully supported the
SA-513 countdown. All specifications for ECS flow rates, tempera-
tures, and pressures were met and flow/pressure criteria were
satisfactory during the air to GN, changeover.

The Holddown Arms and Service Arm Control Switches (SACS) satisfac-
torily supported countdown and launch. All Holddown Arms released
pneumatically within a 12 milliseccnd period. The retraction and
explesive release lanyard pull was accomplished in advance of ord-
nance actuation with a 33 millisecond margin. Penumatic release
valves 1 and 2 opened within 18 milliseconds after SACS armed signal.
The SACS primary switches closed at 399 and 387 milliseconds after
commit. SACS secondary switches closed 963 and 966 milliseconds
after commit.
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Overall performance of the Tail Service Masts and Hydraulic Charging
Unit was satisfactory. Mast retraction times were nominal; 2.163

seconds for TSM 1-2, 2.625 seconds for RSM 3-2 and 2.522 seconds for
TSM 3-4, measured from umbilical plate separation to mast retracted.

The preflight and inf’ight Service Ams (S/A's 1 through 6, 6A, 7 and
8) supported the countdown in a satisfactory manner. Performance was
nominal during terminal count and liftoff.

The primary damping system was retracted before propellant loading as

& precautionary measure to preclude occurrence of a ruptured hose problem
similar to that on SA-206 during Countdown Demonstration Test (CDDT).

It was maintained ir. operational status so reconnect could be accomplished
should it be needed before the completion of propellant loading. The
requirement for the Auxiliary Damping System was deleted for SL-1 launch
countdown.

The Digital Events Evaluation (DEE)-3 and DEE-6 systems satisfactorily
supported all courtdown operations. There were no system failures and
no launch damage.

3.5.2 MSFC Furnished Ground Support Eauipment

MSFC furnished electrical and mechanical ground support equipment
successfully supported the Skylab 1 launch.

At T-1 hour 58 minutes, it was determined that the readout of the
Mobile Launcher Computer (MLC) magnetic drum during the execution
of the SEB9 "Alternate Memory Checker Program” was erroneous. A
subsequent drum-read incorrectly altered the MLC alternate memory.
The MLC alternate memory was restored successfully by operator
intervention. Drun-read problems were then experienced during the
S-1C propellant monitor program. At T-1 hour 30 minutes, a decision
was made to continve the countdown without the use of the MLC mag-
netic drum. This decision precluded further execution of the
following non-cricical leunch functions:

FT49/FESO ST-124M Accelerometer Monitor Programs
BEO1 S-1C Propellant Temperature Monitor
BEO2 S-1C Propellant Level Monitor

SE89 Alternate Memory Checker

Real time work-arounds utilizing telemetry and Digital Data Acquisi-
tion System data were implemented to provide equivalent monitoring
functions.

During postlaunch trouble shooting a failed diode in a flip-flop
circuit in the MLC drum address circuitry was found. However,
analysis showed this failure was probably not related to the
observed erroneous drum-read symptoms. During further trouble
shooting, a printed circuit board (PCB) in the MLC drum address
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circuitry was removed and reinserted, clearing the failure and
indicating that the cause was improper seating. Additional site
testing verified that no intermittent component failure was involved
and confirmed improper sc:ting of the PCB as the cause of the
anomaly.

Computer test and maintenance procedures were reviewed and determined
to be adequate. Improperly seated printed circuit boards are an
infrequent occurrence, and are normally revealed in early testing

so that the countdown is not materially affected. Therefore, no
corrective action was taken.
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SECTION 4
TRAJECTORY

4.1 SUMMARY

The vehicle was launched on an aximuth 90 degrees east of morth. A roll
maneuver was initiated at 12.2 seconds that placed the vehicle on a flight
azimuth of 40.880 degrees east of north. The trajectory parameters were
generally close to nominal except the S-IC velocity which was 18.0 meters
per second greater than nominal at the outboard engine cutoffs. The
largest contributors to this veiocity have been identified as the tailwind
and higher stage specific impulse. The Saturn Work Shop (SWS) insertion
conditions were achieved 0.64 second later than nominal with altitude
nominal and velocity 0.6 meter per second greater than nominal. S-II
stage performance deviated from nominal in large part because the aft
interstage failed to separate.

Orbital insertion parameters of the spent S-II stage deviated slightly
from nominal but recontact with the SWS was precluded for at least eight
months .

A study to determine the impact footprint of the meteoroid shield's debris
is reported herein. Also, the orbital parameters of the spent S-1I stage
are provided.

4.2 TRAJECTORY EVALUATION

The reconstructed trajectory was generated by merging the ascent phase and

the orbit phase trajectory segments. The analysis for each phase was con-
ducted separately with appropriate end point constraints to provide trajectory
continuity. Available C-band radar and USB tracking data plus telemetered
guidance velocity data were used in the trajectory reconstruction.

4.2.1 Ascent Phase

The ascent phase spans the interval from guidance reference release through
earth orbit insertion. The ascent trajectory was established by using
telemetered guidance velocity data as generating parameters to fit tracking
data from three C-band stations (Merritt Island, Patrick Air Force Base,
and Bermuda FPQ-6) and one S-band station (3ermuda). Approximately 22
percent of the C-band tracking data and 31 percent of the S-band tracking
data were eliminated due to inconsistencies. The launch phase portion of
the ascent phase (liftoff to approximately 20 seconds) was established by
constraining intagrated telemetered navigation data to the best estimate
trajectory.
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Actual and nominal altitude, surface range, and crossrange for the ascent
phase are presented in Figure 4-1. Actual and nominal space-fixed velocity
and flight path angle during ascent are shown in Figure 4-2. Actual and
nominal comparisons of total non-gravitational accelerations are shown in
Figure 4-3. The maximum acceleration during S-IC burn was 4.45 g.

Mach number and dynamic pressure are shown in Figure 4-4. These para-
meters were calculated using meteorological data measured to an altitude of
62.5 kilometers (33.7 nmi). Ahove this altitude, the measured data were
merged into the US Standard Reference Atmosphere.

Actual and nominal values of parameters at significant trajectory event
times, S-I1C and S-II cutoff events, and separation events are siiown in
Tables 4-1, 4-2, 4-3 and 4-4, respectively.

The S-IC velocity at cutoff, although well within the 30 limits, was
noticeably higher than predicted. A iimited investigation as to possible
causes yielded the following information: The winds on launch day were
higher than the prediction used in the Operational Trajectory. Being princi-
pally tailwinds, this would effectively improve S-IC performance and add
approximately 8 m/s to the S-IC velocity at cutoff. It was also found
that increasing the S-IC stage spe:i“ic impulse used in the Operational
Trajectory by approximately 0.2% would produce an additional 6 m/s in
velocity. Other contributors, which were nct simulated but would result
in increased S-IC performance are: lower-than-predicted RP-1 density,
lower S-11 weight (propellant and payload), unpredicted S-II inmsulation
ablation, and the separation of the meteoroid shield.

From extensive data evaluation and flight radar observations it was
concluded that the S-1I aft interstage failed to separate completely when
commanded at 189.9 seconds. A {iscussion of these analy-es is presented
in paragraph 9.5.2.

4.2.2 Earth Orbit Phase

Orbital tracking was conducted by the NASA Spacecraft Tracking and Data
Network. Two C-band stations (Merritt Island and Berwuda) provided two

data passes at the beginning of the first orbit. Ten S-band stations
(Merritt Island, Bermuda, Canary, Ascension. Madrid, Carmarvon, Honeysuckle,
Hawaii, Goldstone and Texas) furnished twenty additional tracking passes
during the first three revolutions.

Telemetered guidance velccity data were used to derive the orbital non-
gravitational acceleration (venting) model. The orbit trajectory was
obtained by integrating a comprehensive force model (gravity plus venting)
with corrected insertion conditions forward to 16,200 seconds (4:30:00)
which is near Transfer to ATM Control. The insertion conditions were
obtained by using the force model and a differential correction procedure
to fit the available tracking data.
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Table 4-1. Comparison of Significant SA-513 Trajectory Events

EVENT

PARAMETER ACTUAL NOMIAL SN
First motion Range Time, sec MY 5.22 2.00
Tote) tion<Gravitagional
Acceleration, m/s‘ 11,23 R LT
(ft/sc) (36.82) 35.99) D1l
(9) J1.18) L NNE
AACH 1§ Range Time, sec 61.0 81.3 -J.%
Altitude, &km 7.7 b )
(nm4) (4.2) (3.5, Y1)
Menimum Dynamic Pressure Range Time, sec 73.5 e
Dynamic Pressure, n/cmz e 3.3 -3.04
(1pF/8¢82) (670.78) (695.43) -16.70)
Altitude, km 12.0 12.3 -0.3
(omi) (6.5) (6.6) (=215
*Maximym Tota) Non-Gravitational
Acceleration: $-1¢ Range Time, sec 140,72 140.62 J.10
Acceleration, m/,‘ 43.66 45.60 3,06
(fr/s¢) (143.28) (143,049 10.20)
(9) (4.45) (4.35; (0.00)
S-11 Range Time, sec 589,00 538,32 J.68
Acceleration, m/gd 2).97 c8.35 -2.34
(Fe/sc) (718.€4: (79.a39; (-1.25)
(q) (2.44) (2.48) 1-0.08)
*Menimum farth-Fined
Veloctity: S-1C Range Time, sec 159.00 169,22 .0.2¢
Yelocity, m/s 2,565.1 2,547.0 HEPE]
(ft/s) (8,416.3) (8,356.3) (60.0
S-11 Renae Time, sec 590.50 590.53 -¢.03
va)oclt{. n/s 7.333.3 7,332.1 I
ft/s) (24,053.1) (24,055.4) 1.0}

*iearest Time Point Available




Tabie 4-2. Comparison of SA-513 S-IC Cutoff Events
PARAMETER ACTUAL NOMINAL ACT-NOM
S-1C CECO (ENGINE SOLENOID)

Range Time, sec 140.72 140.62 0.10

Altitude, km 62.4 61.9 0.5

{nmi) (33.7) (33.4) (0.3)

Space-Fixed Velocity, m/s 2,214 .4 2,201.1 13.3

(ft/s) (7,265.1) (7,221.5) (43.6)

Flight Path Angle, deg 32.446 32.589 -0.143

Heading Angle, deg 50.493 50.393 0.101

Surface Range, km 54.1 53.1 1.0

{(nmi) (29.2) (28.7) (0.5)

Cross Range, km 0.4 0.1 0.3

(amt) (0.2) (0.1) (0.1)

Cross Range Velocity, m/s -1.4 -6.9 5.5

(ft/s) (-4.6) (-22.6) {(18.0)

S-1C OECO (ENGINE SOLEWOID)

Range Time, sec 158.16 158.16 0.00

Altitude, km 85.2 84.7 0.5

(nmi) (46.0) (45.7) (0.3)

Space-Fixed Velocity, m/s 2,800.5 2,782.5 18.0

(ft/s) (9,188.0) (9,128.9) (59.1)

Flight Path Angle, deg 30.581 30.697 -0.116

Heading Angle, deg 48.443 48.302 0.141

Surface Range, km 85.7 84.7 1.0

" (nmt) (46.3) (45.7) (0.6)

Cross Range, &km 0.4 0.0 0.4

{(ami) (0.2) (0.0) (0.2)

Cross Range Velocity, m/s -1.7 -9.8 8.1

(ft/s) (-5.6) (-32.2) (26.6)
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Table 4-3.

Comparison of SA-513 S-I1 Cutoff Events

PARAMETER

ACTUAL

NOMINAL

ACT-NOM

S-11 CECO (ENGINE SOLENOID)

Range Time, sec 316,05 314.2¢4 -0.19
Altitude, km 273.2 272.4 0.8
(nmi) (.47.5) (147.1) (0.4)
Space-Fixed Velocity, m/s 2,860.6 3,845.2 10.7
(ft/s) (12,666.0) (12,.630.9) (35.1)
Flight Path Angle, deg 15.759 15.791 -0.032
Heading Angle, deg 48.111 48.107 0.004
Surface Range, km 493.5 490.1 3.4
(nmi) (266.5) {264.6) (1.9)
Cross Range, km 2.5 1.1 1.4
(nmi) (1.3) 10.6) (0.7)
Cross Range Velocity, m/s 55.2 54.6 0.6
(ft/s) (181.1) (179.1) (2.0)
S-I1 GUIDANCE CUTOFF SIGNAL

Range Time, sec 588.96 588. 32 0.64
Altitude, km 4421 442.0 0.1
(nm1) (238.7) {238.7) (0.0)

Space-Fixed Velocity, m/s 7.641.9 7,642.2 -0.3
{ft/s) (25,071.9) (25, 072. 8) (-0. 9)
Flight Path Angle, deg 0.013 0.013 0.000
Heading Angle, deg 56.383 §6.329 0.054
Surface Range, ka 1,810.7 1,801.6 9.1
(omt) (972.7) (972.8) (4.9)
Cross Range, kam 84.5 83.6 0.9
(nm1) (45.6) (45.1) (0.5)
Cruss Range Velocity, m/s 709.9 709.13 0.8
(ft/s) (2,329.1) (2,326.4) (2.7)
Inclination, deg $0.029 50.030 -0.001
Descending Node, deg 153.249 183,252 -0.003
Eccentricity 0.0021 0.0020 0.0001
Cy. 32/32 -58,638,675 -58,635,937 -2,738
lfe2ss2) (-631,181,445) | (-631.151.973) |(-29.472)

"
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Table 4-4.

Comparison of SA-513 Separation Events

PARAMETER

ACTUAL

NOMINAL

ACT-NOM

S-1C/S-11 SEPARATION

Range Time, sec 159.9 159.9 0.0

Altitude, km 87.7 87.3 0.4

(nmi) (47.4) (47.1) (0.3)

Space-Fixed Velocity, m/s 2,807.0 2,789.1 17.9

(ft/s) (9,209.3) (9,150.6) (s8.7)

Flight Path Angle, deg 30.344 30.451 -0.107

Heading Angle, deg 48.422 48.278 0.144

Surface Range, km 89.4 88.4 1.0

(nmi) (48.3) (47.7) (0.6)

Cross Range, km 0.4 0.0 0.4

(nmi) {(0.2) (0.0) {0.2)

Cross Range Velocity, wm/s -1.7 -9.8 8.1

(ft/s) (-5.6) (-32.2) (26.6)

Geodetic Latitude, deg N 29.213 29.210 0.003

Longitude, deg E -80.001 -80.010 0.009
S-11/SHS SEPARATION

Range Time, sec 591.1 $90.5 0.6

Altitude, km 442.1 442.0 0.1

{nmt) (238.7) (238.7) (0.0)

Space-Fixed Velocity, m/s 7.648.2 7,648.2 0.0

(ft/s) (25,092.5) (25,092.5) (0.0)

Flight Path Angle, deg 0.003 0.002 0.001

Heading Angle, deg 56.480 56.429 0.081

Surface Range, ka 1,825.4 1,816.7 8.7

(nmt) (985.6) (980.9) (4.7)

Cross Range, km 86.0 85.1 0.9

(i) (46.4) (46.0) (9.4)

Cross Range VYelocity, a/s 712.1 7.5 0.6

(ft/s) (2,336.3) (2,334.3) (2.0)

Geodetic Latitude, deg N 39.772 39.732 0.040

Longfitude, deg £ -66.000 ~66.076 0.076
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A comparison of actual and nominal earth orbit insertion parameters is
presented in Table 4-5. The groundtrack from insertion to near Transfer
to ATM Control near the end of the third orbit is given in Ficure 4-5.

4.2.3 Meteoroid Shield Debris Impact Trajectory

A three dearee of freedom simulation was used to model the probable
impact trajectory of the meteoroid shield debris (see Section 17) and
the resulting impact footprints are shown in Figure 4-6. The following
jtems characterize the essential elements used for the simulation:

a. Initial velocities and positions were taken from the 7-Day Observed
itass Poiit Trajectory (OMPT) data.

b. The Cape Kennedy wind data from the SA-513 postflight meteorological
data tape was used to represent the winds acting on the debris.

c. A massof 270 kg with an area of 70 mé (mass per unit area = 3.86 kg/m?)
was taken to represent the aluminum shield.

d. Impact footprints were determined parametrically assuming drag varying
from 5 percent to 100 percent of flat plate drag, and time of separation
varying from 60 to 65 seconds.

The 70 percent flat plate drag case is estimated to be the best represen-
tation of the falling meteoroid shield, and the associated point for the
63-second separation represents the most likely impact point.

4.2.4 Spent S-II Orbit

Skin tracking data of the spent S-1I stage were received from the Merritt
Island, Bermuda and Carnarvon C-band radars for portions of the second and
sixth orbits. Separate orbit solutions were done on the second and six.h
orbits using a gravity-only model. Comparisons of the actual and nominal
orbits at two hours range time are presented in Table 4-6. At two hours,
the SWS and S-II are in the same orbital plane and the SWS trails the S-1I
by three degrees; the separation distance is 298 kilometers. Tabie 4-7
presents the spent S-II stage orbital parameters at the midpoint of the
sixth orbit. A comparison of these parameters to the mission plan show that
the apogee altitude was actually 239.5 rather than 234 n.mi. and the perigee
altitude was 201.0 instead of 197 n. mi. The differences are a result of
vehicle attitude errors during separation and are discussed in paragraph
9.5.3. Recontact with the SWS has been precluded for at least eight months
by the phasing relationship between the orbits, the trim burns raising the
orbit of the SWS, and the more rapid decay of the S-II orbit due to the
smaller ballistic coefficient of the S-IT stage.

4-11



Tavie 4-5. Comparison of SA-513 Earth Orbit Insertion Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 598.96 598.32 0.64
Altitude, km 432.2 442 .1 0.
{nmi) (238.8) (238.7) (0.1)
Space-Fixed Velocity, m/s 7,649.3 7,648.7 0.6
(ft/s) (25,096.1) (25,094.2) (1.9)
Flight Path Angle, deg -0.007 0.001 -0.008
Heading Angl-~, deg 56.827 56.777 0.050
Inclination, deg 50.030 50.028 0.002
Descending Node, dag 153.252 153.248 0.004
Eccentricity 2.0002 0.0003 -0.0001
Apogee Altitude, km # 433.8 433.3 0.5
(nmi) (234.2) (234.0) (0.2)
Perigee Altitude, kma 431.5 429.5 2.0
{nmi) (233.0) (231.9) (1.1
Period, min 93.23 93.21 0.02
Geodetic Latitude, deg N 40.0%1 40.009 0.042
Longitude, deg € -65.484 -65.564 0.080

s .
Based on a Spherical Earth with Radius = 6,378.165 km,
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Table 4-6. SA-513 Comparison

of Spent S-II Stage Orbital Parameters at 2 Hours Range Time

PARAMETER ACTUAL NOMINAL ACT -NOM
Radius, km 6,796.713 6,795,679 1.034
(nmi) (3,669.931) (3,669,373) (0.558)
Velocity, m/s 7,648.6 7,648.2 0.4
(ft/s) (2,331.3) (2,331.2) (0.1)
Right Ascension - True of
Date (deg) 163.696 163.755 -0.059
Declination (deg) 39.276 39.239 0.037
Heading (deq) 123.929 123.696 -0.040
Path Angle (deg) -0.217 -0.231 0.014
C3 kme/s? -58.791200 -58.815334 0.024134
(n mi2/s2) (-17.140791) (-17.147828) (0.007037)
Paiiod (min) 92.58 92.52 0.06
Apogee Radius km 6,810.6 6,810.1 C.5
(n mi) (3,677.4) (3,677.1) 0.3
Perigee Radius km 6,749.4 6,744.3 5.1
(n nt) (3,644.4) (3,641.6) 2.8
Semi-Major Axis km 6,780.0 6,777.2 2.8
nmi) (3,660.9) (3,659.4) (1.5)
Eccentricity 0.004517 0.004860 -0.000343
Inclination (deg) 50.037 50.034 0.003
Right Ascension of 26.957 26.950 0.007
Node - True of Date (deg)
Argument of Perigee -112.352 -111.263 -1.089
True Anomaly (deg) -123.333 -124.360 1.027




Table 4-7. SA-513 Spent S-1I Stage Orbital Parameters on Sixth Revolution

SIXTH REVOLUTION
PARAMETER MIDPOINT
Time (GMT) May 15 1:54:24
C3 km?/52 -58.738148
(n mi/s2) (-17.125324)
Period (min) 92.70
Apogee Radius km 6,821.7
(n mi) (3,683.4)
Perigee Radius km 6,750.5 |
(n mi) (3,645.0)
Semi-Ha%'or Axis km 6,786.1
n mi) (3664.2)
Eccentricity 0.005247
Inclination (deg) 50.068
Right Ascension of 25.605
Node - True of Date (deg
Argument of Perigee (deg) -122.180
True Anomaly (deg -57.820

4-16



SECTION 5

S-1C PROPULSION
5.1 SUMMARY

A11 S-1C propulsion systems performed satisfactoriiy. The propulsion
perfcrmance was very close to the predicted nominal. Overall stage site
thrust was 0.07 parcent higher than predicted. Total propellant con-
sumption rate was 0.11 percent lower than predicted and the total
consumed mixture ratio was 0.46 percent higher than predicted. Specific
~mpulse was 0.18 percent higher then predicted. Total propellant
consumption from Hoiddown Arm (HDA) release to Outboard Engines Cutoff
(OECO) was low by 0.18 percent.

The F-1 Engine model specification LOX pump inlet total pressure upper
1im't of 150 psia was exceeded by all enqines at Center Enaine Cutoff
(TE0. as predicted. Enaine 5 exceeded the specification by 4 psia
anu [naines 1, 2, 3, and 4 by 2 psia. The higher pressures are
attr . buted to a higher boost acceleration schedule for the Skylab
~issinn than for Apollo and caused no problem for flight,

The F-1 enaine shutdown sequence was changed from the 1-4 sequence
used on previous flights to a 1-2-2 seauence (Engines 5, 1-3, 2-4) tc
reduce vehicle dvnamics. CECO was initiated by the Instrument Unit
(IU) at 140.72 sezends, 0.02 seconds later than planned. OECO was
initiated by the LOX depletion sensors for enqine pair 1-3 at 158.16
seconds and for engine pair 2-4 at 158.23 as predicted. At OECO of
enaine pair 1-3, the LOX residual was 30,582 1bm compared tc the
nredicted 37,175 1bm and the fuel re:idual was 27.727 1bm compared to
the predizted 31 337 1bm.

The S-IC nydraulic system performed satisfactorily.
5.2 S-1C IGNITION TRANSIENT PERFORMANCE

the fuel pump inlet presté?t pres<ure of 45.0 psia was within the F-i
engine acceptable starting range of 43.3 to 110 psia.

The LOX pump inlet prestart pressure and temperature were 80.4 psia and
-285.5°F and were within F-1 engine acceptable starting region, as shown
by Figure 5-1.

The planned 1-2-2 F-1 engine start sequence (Engines 5, 3-1, 4-2) was not
achieved. Two engines are considered to start together if both thrust
~hamber pressures reach 100 psig within 100 millisecords. By this
definition, the starting order was 1-1-1-1-1 (Engines 5-3-1-2-4). The
buildup times of all five engines as measured from engine control valve
open signal to 100 psig chamber pressure, Table 5-1, were less than
predictec, although withir specifications. The 1-1-1-1-1 start sequence
had no acverse affect on eithcr propulsion system performance o+ on the
structure.
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LOX PUMP INLET PRESSURE, psia
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Figure 5-1. S-IC LOX Start Box Requirements
Table 5-1. F-1 Engine Systems Buildup Times
BUILDUP TIME, SECONDS
ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5
Predicted* 3.822 4,287 4,004 3.899 3.873
Actual* 3.539 3.913 3.565 3.613 3.476
Difference 0.283 0.374 0.439 0.286 0.397
Direction Fast Fast Fast Fast Fast

*Time from 4-way control valve open signail to 100 psig combustion chamber

pressure.

A1 times corrected to nominal prestart conditions.
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The reconstructed propellant consumption during holddown (from ignition
command to holddown arm release) was 77,099 1bm LOX (67,550 1bm predicted)
and 22,337 bm fuel (18,674 1bm predicted). The greater than predicted
propellant consumption during holddown was due to the faster engine start
and longer burn before holddown release. The reconstructed propellant

load at holddown arm release was 3,232,480 1bm LOX (3,240,147 1bm predicted)
and 1,383,759 lom fuel (1,394,378 1bm predicted).

Thrust buildup rates were as expected, as shown in Figure 5-2. The shift
in thrust buildup near the 1100 K1bf level on the outboard engines is
attributed to ingestion or helium from the LOX prevalves during startup and
is a normal occurrence. The thrust shift is absent on the inboard engine
(Engine 5) since the POGO suppression helium injection system is not used
on this engine.

The enaine main oxidizer valve, main fuel valve, and gas generator
ball valve opening times were nominal.

9.0 2.0
8.0 4
7.04 s
6.6 J///7 <
: / /,// 2
® s.0 -
- _— ENGINE & 1o =
2 . oo s~ T 2
I3 . Y
= ! ' [ |_— ENGINE 2 =
ENGINE s-—\‘l Co
3.0 +——
— ENGINE 1
| 0.5
2.0
1.0
0 0
-5.0 4.0 . -2.0 -1.0 ¢ 1.

RANGE TIME, SECONOS

Figure 5-2. S-IC Engines Thrust Buildup
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5.3 S-IC MAINSTAGE PERFORMANCE

S-IC stage propulsion performance was satisfactory. Stage thrust, specific
impulse, mixture ratio, and propellant flowrate were well within operating
Tirmits as shown in Figure 5-3. The stage site thrust (averaged from time
zero to OECO) was 0.07 percent higher than predicted. Total propellant
consumption rate was 0.11 percent lower than predicted and the total

consumed mixture ratio was 0.46 percent higher than predicted. The specific
impulse was 0.18 percent higher than predicted. Total propellant consumption
from HDA release to OECO was low by 0.18 percent.

For comparison of F-1 engine flight performance with predicted performance,
the flight performance has been analytically reduced to standard conditions
and compared to the predicted performance which is based on ground firings
and also reduced to standard conditions. These comparisons are shown in
Table 5-2 for the 35 to 38-second time slice. The largest thrust deviation
from the predicted value was -10 K1bf for Engine 5. The 1498 K1bf thrust of
Engine 5 was below the minimum value of 1500 K1bf. This caused no problem
for flight. Engines 1, 2, 3, and 4 had Tower thrusts than predicted by 1,
9, 3, and 6 Kibf, respectively. Total stage thrust was 29 K1bf lower than
predicted for an average of -5.8 Klbf/engine. These performance values are
derived from a reconstruction math model that uses a chamber pressure and
pump speed match.

Table 5-2. S-IC Individual Standard Sea Level Engine Performance

STAGE
RECONSTRUCTION DEVIATION DEVIATION
PARAMETER ENGINE PREDICTED ANALYSIS PERCENT PERCENT
Thrust 1 1510 1509 -0.066
103 1bf 2 1516 1507 -0.564
3 1530 1927 -0.196 -C.383
L) 1516 1510 -0.396
5 1508 1498 -0.662
Specific Impulse, 1 265.1 265.0 -0.038
1bf-s/1bm 2 264.9 264.7 -0.076
3 265.9 265.8 -0.038 -0.060
4 265.7 265.6 -0.038
5 264 .4 264 .1 -0.113
Tota! Flowrate 1 5698 5695 -0.053
bm/s 2 5723 S€92 -0.542
3 5755 574% -0.174 -0.329
4 5703 5686 -0.298
) 5704 5671 -0.579
Mixture Raiin 1 2.297 2.294 -0.131
LOX/Fuel 2 2.268 2.265 -0.132
3 2.260 2.257 -0.132 -0.132
4 2.294 2.29 =0.131
5 z2.2Nn 2.268 -0.132
NOTE: Periormmance levels were reduced to standard sea level and pump inlet conditions.
Data were taken from the 35 to 38-second time slice.
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The Rocketdvne F-1 engine model specification LOX pump inlet total pressure
upper limit of 150 psia was exceeded during S-IC-13 flight. The maximum
value of 154 psia occurred on the center engine just before CECO at maximum
longitudinal acceleration. Similarly, maximum pressure for the outboard
engines was 152 psia at the same flight time. Predicted pressures were 155
and 153 psi for the center engine and outboard engines, respectively. The
higher pressures are attributed to the higher boost acceleration schedule
for Skylab than for Apollo. LOX pump inlet pressures higher than the
engine specification also occurred on the AS-502 flight which had a high
acceleration at inboard engine cutoff. Maximum pressure for AS-502 was
150.5 psia. Analysis of engine operating parameters and structural loads
as coordinated betwee. Rocketdyne, MSFC, and Boeing indicated that the high
inlet pressures would not cause a problem for AS-502 flight. Similarly

for SA-513, the high inlet pressure caused no problem for flight.

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

The F-1 engine thrust decay transient was nominal. The cutoff impulse,
measured from cutoff signal to zero thrust, was 680,542 1bf-s for the
certer engine (0.4 percent less tran predicted) and 3,104,683 1bf-s for
all outboard engines (4.9 percent greater than predicted). The total
stage cutoff impulse of 3,785,225 1bf-s was 3.G percent greater than
predicted.

Center engine (Engine 5) cutoff was initiated by the IU at 140.72 seconds,
0.02 second later than planned. Engines 1 and 3 were programmed to shut-
down 0.070 second earlier than Engines 2 and 4. This 2-2 outboard engine
shutdown was accompiished and stage shutdown dynamics were significantly
reduced. Individual engine thrust decay plots indicating the 2-2 shutdown
sequence are shown in Figure 5-4. Cutoff signal to the outboard engines
was initiated by LOX depletion and occurred at 158.16 seconds for engine
pair 1-3 and at 158.23 seconds for enyine pair 2-4 as predicted.

5.5 S-1C STAGE PROPELLANT MANAGEMENT

The S-IC stage does not hav: an active propellant utilization system,
Minimum residuals are obtained by attempting to load the mixture ratio
expected to be consumed by the engines plus the predicted unusable
residuais. An analysis of the residuals experiencec during a flight is
a good measure of the performance of the passive propellant utilization
system,

The residual LOX at OECO (first engine pair) was 30,582 1bm compared to
the predicted value of 37,175 1bm The fuel residual at OECO (first
engine pair) was 27,727 1bm compared to the predicted value of 31,337 1bm.
A sgmm?ry of the propellants remaining at major event times is presented
in Table 5-3.
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Figure 5-4. S-IC Outboard Engine Thrust Decay
Table 5-3. S-IC Propellant Mass History
LEVEL SENSOR RECONSTRUCTED, LBM
PREDICTED, LBM DATA, LBM (BEST ESTIMATE)
EVENT
LOX FUEL L0X FUEL LoX FUEL
Ignition 3.307,697 1,413,052 | ceeem- 1,406,109 3,309,579 | 1,406,096
Command
Hoddown 3,240,187 1,394,378 3,226,467 | 1,382,988 3,232,480 | 1,383,759
Arm Release
CECO 332,664 156,010 325,264 152,019 325,140 151,624
0ECO (First 37,175 31,337 30,893 28,533 0,582 21,727
Pair)
Separation 3,067 28,00 | eeeeee ] eeeees 4,21 24,355
Zero Thrust 30,957 28,066 |  --ce-en | -eeee- 24,090 242N

Predicted and reconstructed values do not include pressurization gas so they will compare with
level sensor data.
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5.6 S-1C PRESSURIZATION SYSTEMS
5.6.1 S-IC Fuel Pressurization System

The fuel tank pressurization system performed satisfacto.ily, keeping ullage
pressure within acceptable Timits during flight. Helium Flow Control Valves
(HFCV) No. 1 through 4 opened as planned and HFCV No. 5 was not required.

The Tow flow prepressurization system was commanded on at -97.0 seconds and
was cycled on a second tiie at -3.1 seconds. High flow pressurization,
accomplished by the onboard pressurization system, performed as expected.
HFCV No. 1 was commanded on at -2.8 seconds and was supplemented by the
ground high flow prepressurization system until umbilical disconnect.

Fuel tank ullage pressure was within the predicted limits throughout flight
as shown by Figure 5-5. HFCV No.'s 2, 3, and 4 were commanded open during
flight by the switch selector within acceptable limits. Helium bottle
pressure was 3031 psia at -2.8 seconds and decayed to 550 psia at OECO.
Total helium flowrate was as expected.

Y HFCV NO. 1 OPEN, -2.8 SEC W HFCV NO. 3 OPEN, 95.8 SEC
¥ HECV NO. 2 OPEN, 50.0 SEC & HFCV NO. & OPEN, 133.0 SEC

] 1 1 1
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Figure 5-5. S-IC Fuel Tank Ullage Pressure
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Fuel pump inlet pressure was maintained above the required minimum Net
Positive Suction Pressure (NPSP) durina flight.

5.6.2 S-1C LOX Pressurization System

The LOX pressurization system performed satisfactorily and all performance
requirements were met. The ground prepressurization system maintained
ullage pressure within acceptable limits until launch commit. The onboard
rressurization system performed satisfactorily during flight.

The prepressurization system was initiated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terminated at -57.7 seconds. The low flow system was cycled on three
additional times at -38.4, -12.1, and -4.7 seconds. At -4.7 seconds, the
high flow system was commanded on and maintained ullage pressure within
acceptable limits until launch commit.

Ullage pressure was within the predicted limits throughout flight as shown
in Figure 5-6. GOX flowrate to the tank was as expected. The maximum
GOX flowrate after the initial transient was 47.2 lbm/s at CECO.
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Figure 5-6. S-IC LOX Tank Ullage Pressure
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The LOX pump inlet pressure met the minimum NPSP requirement throughout
flight.

5.7 S-1C PNEUMATIC CONTROL PRESSURE SYSTEM

The control pressure system functioned satisfactorily throughout the S-IC
flight.

Sphere pressure was 3040 psia at liftoff and remained steady until CECO
when it decreased to 2926 psia. The decrease was due to center eng:ine
prevalve actuation. There was a further decrease to 2551 psia after GECO.
Pressure requlator performance was within limits.

The engine prevalves were closed after CECO and OECO as required.
5.8 S-1C PURGE SYSTEMS
Performance of the purge systems was satisfactory during flight.

The turbopump LOX seal storage sphere pressure of 3032 psia at liftoff was
within the prestart limits of 2700 to 3300 psia. Pressure was within the
predicted envelope throughout flight and was 2744 psia at OECO.

The pressure regulator performance throughout the flight was within the
85 +10 psig limits.

5.9 S-I1C POGO SUPPRESSION SYSTEM
The POGO suppression system performed satisfictorily during S-IC flight.

Outboard LOX prevalve temperature measurements indicated that the prevalve
cavities were filled with gas prior to liftoff as planned. The four
resistance thermometers behaved during the SA-513 flight similarly to the
flight of AS-512. The temperature measurements in the outboard LOX pre-
valve cavities remained warm (off scale high) throughout flight, indicating
helium remained in the prevalves as planned. The two thermometers in the
engine prevalve were cold, indicating LOX in this valve as planned. The
pressure and flowrate in the system were nominal.

5.10 S-IC HYDRAULIC SYSTEM

The performance of the S-IC hydraulic system was satisfactory. All servo-
actuator supply pressures were within required limits.

Engine control system return pressures were within predicted limits and
the engine hydraulic control system valves operated as planned.
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SECTION 6
S-11 PROPULSION

6.1 SUMMARY

The S-1I propulsion systems performed satisfactorily throughout the flight.
The S-11 Engine Start Command (ESC), as sensed at the engines, occurred at
160.61 seconds. Center Engine Cutoff (CECO) was initiated by the Instru-
ment Unit (IU), based on characteristic velocity, at 314.05 seconds. Out-
board Engine Cutoff (QECQ), initiated by an IU velocity signal, occurred
at 588.99 seconds giving an outboard engine operating time of 428.38
seconds or 0.7 seconds longer than predicted.

Engine mainstage performance was satisfactory throughout flight. The
total stage thrust at the standard time slice (61 seconds after S-II ESC)
was 0.13 percent below predicted. Total propellant flowrate, including
pressurization flow, was 0.18 percert below predicted, and the stage
specific impulse was 0.05 percent above predicted at the standard time
slice. Stage propellant mixture ratio was 0.54 percent below predicted.
Engine thrust buildup and cutoff transients were within the predicted
envelopes.

The propellant management system performance was satisfactory throughout
loading and flight, and all parameters were nominal. Propellant residuals
at OECO were i€,61€ 1bm LOX, 2319 1bm less than predicted and 5878 1bm
LHp, 319 1bm less than predicted. Control of Engine Mixture Ratio (EMR)
was accomplished with the two-position pneumatically operated Mixture
Ratio Control Valves (MRCV). The low EMR step occurred 1.1 seconds later
relative to ESC, than predicted.

The performance of the LOX and LHy tank pressurization systems were satis-
factory. Ullage pressure in both tanks was adequate to meet or exceed
engine inlet Net Positive Suction Pressure (NPSP) minimum requirements
throughout mainstage.

Performance of the center engine LOX feedline accumulator system for POGO
suppression was satisfactory. The accumulator bleed and fill subsystems
operations were within predictions.

The engine servicing, recirculation, helium injection, and valve actuation
systems performed satisfactorily.

A1l orbital safing cperations were performed satisfactorily. Safing
of the LHy and LOX propellant tanks was verified by ullage pressures
that decayed to less than 50% of design burst values. The engine
helium and hydrogen pressure spheres were safed successfully when the
vent valves were opened at 805.1 seconds.

S-11 hydraulic system performance was normal throughout the flight.
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6. S-11 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

(g% ]

The engine servicing operations required to condition the engines prior
to S-11 engine start were satisfactorily accomplished. Thrust chamber
jacket temperatures were within predicted limits at both prelaunch and
S-I11 ESC. Thrust chamber chilldown requirements are -200°F maximum

at prelaunch commit and -150°F maximum at ESC. Thrust chamber temper-
atures ranged between -256 and -287°F at prelaunch commit and between
-205 and -232°F at ESC. Thrust chamber temperature warmup rates during
S-1C boost agreed closely with those experienced on previcus flights.

Start tank system performance was satisfactory. Both temperature and
pressure conditions of the engine start tanks were within the required
prelaunch and engine start boxes as shown in Figure 6-1. Start tank
temperature and pressure increase rates were normal during prelaunch and
S-1C boost and no indi-ation of start tank relief valve operation was

noted.
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Figure 6-1. S-II Engine Start Tank Performance

A1l engine helium tank pressures were within the prelaunch limits of
2800 to 3350 psia and engine start limits of 2800 to 3500 psia. Engine
helium tank pressures ranged between 3150 and 3245 psia at launch commit
and between 3250 and 3375 psia at S-II ESC.
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The LOX and LHy recirculation systems, used to chill the feed ducts,
turbopumps, and other engine components performed satis.2ctorily during
orelaunch and S-.C boost. Engine pump inlet temperatures and pressures
at S-1I1 ESC were well within the requirements as shown in Figure 6-2.
The LOX pump discharge temperatures at S-II ESC were approximately
12.0°F subcooled, well below the 3°F subcooling requirement.

Prcpressurization of the propellant tanks was accomplished satisfactorily.
Tank ullage pressures at S-II ESC were 40.3 psia for LOX and 28.6 psia
for LHp, well above the minimum requirement of 33.0 and 27.0 psia,
respectively.

S-IT ESC was received at 150.61 seconds and the start tank discharge
valve (STDV) solenoid activation signal occurred 1.0 seconds later. The
engine thrust buildup was satisfactory with all engines reaching the 90
percent operating level within 3.4 seconds after S-II ESC. Engine 5 did
momentarily exceed the predicted thrust buildup envelope as shown in
Figure 6-3. This was attributed to a slow second stage ramp during main
oxidizer valve opening. The predicted envelope was based upon the per-
formance of those engines on AS-509 and AS-510 and allowable variations
in other variables (i.e., valve timing) were not included.

6.3 S-T1 MAINSTAGE PERFORMANCE

The propulsion reconstruction analysis showed that stage performance
during mainstage operation was satisfactory. A comparison of predicted
and reconstructed thrust, specific impulse, total flowrate, and mixture
ratio versus time is shown in Fiqure 6-4, Stage performance during the
high EMR portion of flight (prior to CECO) was very close to predicted.
At ESC +61 seconds, total stage thrust was 1,164,965 1bf which was

1483 1bf (0.13 percent) below the preflight prediction. Total pro-
peliant flowrate including pressurization flow, was 2760.7 1bm/s, 0.18
percent below predicted. Stage specific impulse, including the effect
of pressurization gas flowrate, was 422.0 1bf-s/ibm, 0.05 percent above
predicted. The stage propellant mixture ratio was 0.54 percent below
predicted.

Center Engine Cutoff was initiated at ESC +153.44 seconds. This action
reduced total stage thrust by 234,734 ‘bf to a level of 930,507 1bf.
The EMR shift from high to low occurred 243.1 seconds after ESC and the
reduction in stage thrust occurred as 2xpected. At ESC +351 seconds,
the total stage thrust was 795,491 1bf; thus, a decrease in thrust of
135,016 1bf was indicated betweer high and low EMR operation. S-1I
burn duration was 428.38 seconds., which was 0.7 seconds longer than
predicted.

Individual J-2 engine data are presented in Table 6-1 for the ESC +6]
secon time slice. Good correlation exists between predicted and
reconstructed flight performance. The performance levels shown in
Table 6-1 nav2 not been adjusted to standard J-2 altitude conditions
and do not include the effects of pressurization flow.
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Table 6-1. S-II Engine Performance

RECONSTRUCTION PERCENT PERCENT
ENGINE PREDICTED ANALYSIS INDIVIDUAL STAGE
DEVIATION DEVIATI

Thrust, 1bf 1 236,992 236,410 -0.25
2 231,320 232,278 +0.4
3 230,644 230,166 -0.21 -0.13
4 232,180 31,660 -0.22
5 235,312 234,452 -0.36

Specific Impulse, I1bf - s/1bm 1 425.8 425.8 0
2 423.0 423.4 +0.095%
3 423 2 423.5 +0.0N +0.057
4 22.4 422.% +0.024
5 425.0 425.4 +0.094

Engine Flowrate, 1bav/s 1 556.58 555.24 -0.24
2 546.91 548.61 +0.31
3 544,94 $43.46 =07 -0.18
4 549.62 548.27 -1).°§
5 553.72 58Y.12 -v.47

Engine Mixture Ratio, LOX/LHZ 1 5.619 5.606 -0.23
2 5.599 5.563 -0.64
3 5.578 5.552 -0.47 -0.5
4 5.589 5.570 -0.34 :
S 5.492 5.445 -0.86

NOTE: Performance values at ESC +61 seconds. Values are site conditions and do not
Include effect of pressurization flom.

An in-run shift of -0.6°F over an 8 second period was exhibited in
engine 4 fuel pump discharge temperature commencing at ESC +285 seconds.
There were no corresponding changes in any other engine data and the
temperature measurement was determined to be indicating warm between
ESC and ESC +285 seconds. The measurement is considered gquestionable
and no engine performance change was indicated by the flight data.

6.4 S-I1 SHUTDOWN TRANSIENT PERFORMANCE

The outboard engine thrust decay performance was within the predicted
band as shown in Figure 6-5. As expected, outboard engine performance
did not exhibit decay prior to cutoff as on previous flights. This is
attributed to the higher propeliant head and lower temperature propeilant
at the engine inlets due to the higher propellant reserves left in t.e
tanks with the velocity signaled cutoff versus the previous mode of
operating to oxidizer depletion.
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Figure 6-5. S-IT OQutboard Engines Thrust Decay

At $-11 OECO, total thrust was down to 795,043 1bf. Stage thrust dropped
to five percent of this level within 0.5 seconds. The stage cutoff
impulse through the five perce~t thrust level is estimated to be 140,544
1bf-s.

6.5 S-I1 STAGE PROPELLANT MANAGEMENT SYSTEM,

Ground loading and flight perfcrmance of the S-II stage propellant manage-
ment system were nominal and all parameters were within normal ranges.

The Propellant Tanking Computer System (PTCS) and the stage propellant
management system properly controlled S-1I loading and replenishment.

A1l S-11 stage LOX and LHp liquicd level point sensors and capacitance
probes operated without any problems during the propellant loading. Both
LOX and LH» point sensor percent wet indications were all within the
loading redlines at -187 seconds.

Open Toop control of EMR during flight was successfully accomplished
tnrough use of the engine two-position pneumaticaily operated Mixture
Ratio Contro! Valves (MRCV). At ESC., helium pressure drove the valves
to the engine start position corresponding to the 4.8 EMR. The high EMK
(5.5) command was received at ESC + 5.5 seconds as expected, providing

a nominal high EMR of 5.5 for the first phase of the Programmed Mixture
Ratio (PMR).
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The low EMR shift occurred at ESC +243.1 seconds, which is 1.1 .econds
later than predicted. This time difference is attributed to either IU
computational cycle time or the launch vehicle reaching the preset step
command velocity at a later time than planned. The average EMR at the
Tow step was 4.84 (4.80 predicted) which is well within the two sigma
+ 0.06 mixture ratio tolerance.

Outboaid Engine Cutoff (OECO) was initiated by the IU velocity signal at
ESC + 428.38 seconds which was 0.7 seconds later than predicted, within
tolerance. Based on the 5% point sensors and flowmeter data, propellant
residuals (mass in tanks) at OECO were 16,616 1bm LOX and 5878 1bm LH3
versus 18,935 1bm LOX, and 6197 1bm LH2 predicted. The open-loop pro-
pellant utilization error at OECO was 22 1bm LH> which is within the
estimated three sigma dispersion of + 2500 1bm EHZ.

upen-100p KU error at UELU was ¢Z IDM LHp wnicnh 1S within the estimated
three sigma dispersion of + 2500 1bm LHj.

Table 6-2 presents a comparison of propellant masses as measured by the
PU probes and engine flowmeters. The best estimate of full load and
cutoff masses was derived from the engine flowmeter integration and

5% point sensors.

Table 6-2. SA-513 Flight S-1I Propellant Mass History

PU SYSTEM ENGINE FLOWMETER
EVENT PREDICTED, LBM ANALYSIS, INTEGRATION, LBM,
LBM (BEST ESTIMATE)
LOX LH2 LOX L"Z LOX LHZ
Liftoff 822,200 160,170 822,200 160,134 820,596 160,266
S-11 ESC 822,200 160,166 822,649 159,726 820,596 160,252
S-1I Low EMR Step Command 306,699 65,951 307,002 65,620 303,909 65,626
5 Percent Point Sensor 75,940 16,818 78,467 16,826 75,940 16,818
S-11 0ECO 18,935 6,197 17,240 5,681 16,616 5,878
S-IT Residual After 18,715 6,081 DATA DATA 16,331 5,777
Thrust Decay NOT NOT
USABLE USABLE
NOTE: Table is based on mass in tanks and sump only. Propellant trapped
external to tanks and LOX sump is not included. PU data are not
corrected for tank/probe mismatch.
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S-11 LHp slosh amplitudes as indicated by the capacitance probes were
nominal except for the time period between 60 and 90 seconds of S-IC
boost when amplitudes were greater than predicted. Maximum amplitude
reached at the probe was 14 inches peak-to-peak at 80 seconds, compared
to 12 inches predicted. The cause of this difference is not fully
resolved. Just prior to S-IC cutoff, indicated S-II slosh amplitudes
were 4 inches peak-to-peak at the probe for LHp and 0.5 inches peak-to-
peak for LOX. After S-II thrust buildup, the amplitudes were 9.5 inches
peak-to-peak for LHp and 7.5 inches peak-to-peak for LOX. A full dis-
cussior. of S-II slosh is given in paragraph 9.2.2.

6.6 S-11 PRESSURIZATION SYSTEM
6.6.1 S-11 Fuel Pressurization System

LH2 tank ullage pressure, actual and predicted, is presented in Figure
6-6 for autosequence, S-IC boost, and S-II boost. The LH2 vent valves
were closed at -93.1 seconds and the ullage volume pressurized to 35.4
psia in 17.6 seconds. One make-up cycle was required at approximately
-39 seconds and the ullage pressure was increased from 34.5 psia to 35.3
psia. Ullage pressure at -19 seconds (launch commit) was 35.3 psia
which is within the redline limits of 33.0 to 38.0C psia. Ullage pressure
decayed to 35.0 psia at S-IC ESC at which time the pressure decay rate
increased for about 20 seconds. The increased decay rate was attributed
to an increase in LHp surface agitation caused by S-IC engine firing and
flight control maneuvers. This decay is normal and seen on previous
launches.

During S-IC boost, the LH, tank pressure remained within the allowable
low-mode band of 27.5 to 29.5 psi. Neither LHy, vent valves opened
during this boost mode. Ullage pressure at S-Ii engine start was 28.6
psia exceeding the minimum engine start requirement of 27 psia. The
LH2 vent valves were switched to the high vent mode (30.5 to 33.0 psia)
prior to S-I1 engine start.

During S-1I boost, the GH2 for pressurizing the LH? tank was controlled
by a flow control orifice in the LHp tank pressurization line with
maximum tank pressure controlled by the LHp vent valves. For this
flight, the ullage pressure remained within the 30.5 to 33 psia vent
band. LHp vent valve No. 1 opened three (3) times during the first
29.6 seconds of S-II boost. LHp vent valve No. 2 opened at 167.9
seconds and remained open until 591.3 seconds. The LH, ullage pressure
was within 0.3 psi of the predicted pressure during S-II boost.

Figure 6-7 shows LHp pump total inlet pressure, temperature, and Net
Positive Suction Pressure (NPSP) for the J-2 engines. The parameters
were in close agreement with the predicted values throughout the S-11I
flight period. NPSP remained above the minimum requirement throughout
the S-1I1I burn phase.
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6.6.2 S-1I X Pressurization System

LOX tank ullage pressure, actual and predicted, is presented in Figure
6-8 for autosequ~nce, S-IC boost, and S-II burn. After a 107 second
cold helium chilldown flow through the LOX tank, the chilldown flow was
terminated at -200 seconds. The vent valves were closed at -184 seconds
and the LOX tank was pressurized to the pressure switch setting of 38.6
psia in 50.6 seconds. One pressure make-up cycle was required at -103.2
seconds. The LOX tank ullage pressure increased to 39.7 psia because of
common bulkhead tlexure during LH, tank prepressurization. Ullage
pressure at -19 seconds was 39.7 psia which is within the redline limits
of 36 to 43 psia. The LOX vent values performed satisfactorily during
all prelaunch operations.

The LOX vent valves remained closed during S-IC boost and the LOX tank
ullage pressure prior to S-11 ESC was 40.3 psia. During S-II boost,

the LOX tank pressure varied from a maximum of 41.3 psia at 180 seconds
to a minimum of 39.6 psia at S-II OECO. The GOX for pressurizing the

LOX tank was controlled by a flow control orifice in the LOX tank press-
urization line with the LOX tank vent valves controlling excessive
pressure buildup within a pressure range setting of 39.0 to 42.0 psia.
LOX vent valve No. 2 remained closed during S-1I boost. LOX vent valve
No. 1 cracked open and reseated a total of 75 times between 161.7 seconds
and 355.5 seconds. Frequent vent valve modulations indicate the valve
was modulating within a narrow crack and reseat pressure band. This per-
formance is acceptable since the ullage pressure was stable during this
pericd.

The LOX tank ullage pressure was within 0.3 psi of the pressure pre-
dicted for S-1I boost during high engine mixture ratio (EMR) and was

" greater than predicted during low EMR engine operation as shown in
Figure 6-8. Comparisons of the LOX pump total inlet pressure, tempera-
ture, and NPSP are presented in Figure 6-9. Throughout S-II boost, the
LOX pump NPSP was well above the minimum requirement.

This was the third flight using the LOX tank pressure switch purge. The
purge system was incorporated to preclude a potential LOX/GOX incompati-
bility situation within the LOX pressure switch assembly. The purge is
connected to the helium injection and accumulator fill helium supply
system. No instrumentation is available to evaluate the purge system.
However, since both the helium injection and accumulator fill systems
operated successfully, it is concluded that the purge system also func-
tioned properly.

6.7 S-I1 PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumatic control system functioned satisfcctorily throughout the
S-1C and S-II boost periods. Bottle pressure wa. 2990 psia at -30
seconds and with normal valve activities during S-1i burn, pressure
decayed to approximately 2685 psia after S-II OECO.
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The pneumatic control system pressure requlator maintained the outlet
pressure at 720 psia, except for the expected momentary pressure drops
when the recirculation valves were actuated closed just after engine
start, and when the prevalves were closed at CECO and OECO.

6.8 S-IT HELTUM INJECTION SYSTEM

The performance of the helium injection system was satisfactory. The
supply bottle was pressurized to 30G0 psia prior to iiftoff and by S-II
ESC the pressure was 1755 psia. Helium injection average total flowrate
during supply bottle blowdown (-30 to 158 seconds) was 70.3 SCFM. During
the prelaunch countdown, the helium injection bottle decay test results
indicated that no adverse trends existed.

6.9 POGO SUPPRESSION SYSTEM

A center engine LOX feedline accumulator was instalied on the S-1I stage
as a POGO suppression device. Aralysis indicates that there were no
S-IT1 POGO oscillations.

The accumulator system consists of (1) a bleed system to maintain sub-
cooled LOX in the accumulator through S-IC boost and S-II engine start.

and (2) a fill system to fill the accumulator with helium subsequent

to engine start and maintain a helium filled accumulator through S-I1I CECO.

The accumulator bleed subsystem performance is satisfactory. Figure 6-10
shows the requirec accumulator temperature at engine start, the preaicted
temperatures during prelaunch and S-IC boost, and the actual temperatures
experienced during AS-513 flight. The maximum allowable temperature of
-281.5°F at engire start was adequately met (-294.4°F actual).

Accumulator fill was initiated 4.1 seconds after engine start. Figure
6-11 shows the accumulator LOX level versus time during accumulator €ill.
The fill time was 6.3 seconds, within the required 5 to 7 seconds. The
helium fill flow rate, during the fill transient, was 0.0056 lbm/s and
the accumulator pressure was 44.7 psia.

After the accumulator was filled with helium, it remained in that state
until S-II CECO when the helium flow was terminated by closing the two
fill solenoid valves. The accumulator bottom temperature measurement
indicated there was liquid propellant splashing on the bottom temperature
probe shortly after the accumulator was filled with helium gas. This
type of phenomena was observed during the ground static firing test of
the S-11-14 vehicle and the splashing presented no danger or problem to
the success of the flight. Figure 6-12 shows the helium injection and
accumulator fill supply bottle pressure during accumulator fill operation.
The supply bottle pressure was within the predicted band, indicating that
the helium usage rates were as predicted.
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6.10 S-11 ORBITAL SAFING OPERATIONS

A1l orbital safing o;crations were performed satisfactorily. The engines
hydrogen start tank pressures were slightly higher than expected at start
of safing due to thermal warmup caused by the abnormally high aft inter-
stage temperatures. The slightly higher pressures caused the pressure
decay rate to be on the high side of the predicted band but safing was
achieved successfully.

6.10.1 Fuel Tank Safing

S-II1 safing was initiated at 805.1 seconds ard the two ordnance actuated
fuel tank non-propulisive vent valves were opened at 80%5.2 seconds. The
fuel tank ullage pressure subsequently decayed within the predicted band
from 18.5 psia at the initiaticn of safing to 3.2 psia at 7200 seconds
as shown in Figure © 13. The d.fferential pressure across the common
bulkhead was at all times well bL:low the maximum allowable coliupse
pressure of 14.6 psi.

6.10.2 LOX Tank Safing

The twc ordnance actuated LOX tank non-propulsive vent values were opened

at 805.2 seconds. The LOX tank ullage pressure subsequently decayed

within the predicted band from 29.7 psia at the start of saiing to 9.2

psia at 7200 seconds as .hown in Figure 6-14. Comparisor of the LOX and

LH2 tank ullage pressures show that the differential pressure across the

%ommon bulkhead was well bclow the maximum allowable burst pressure of
7.5 psi.

6.10.3 Engine Start Sphere Safing
The hydrogen start tanks were safed by energizing the start tank emergency

vent valves. This allows the tanks to vent overbcard at umbilical panel
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#3A through the LHp Pump Seal Drain Sy:ztem. The tanks were safed from a
maximum pressure of 430 psia to 65 and 74 psia (Engines No.'s 3 and 4,
respectively) in 855 seconds as shown in Figure 6-15. Data subsequent to
the first revolution (5200 seccras from initiation of safing) indicated
tank pressures of 12 and 18 psia. The tank pressures at the initiation

of safing were slightly higher than predicted due to thermal warmup caused
by the abnormally high aft interstage temperatures.
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Figure 6-15. S-II Engine GH, Start Tank Safing

6.10.4 Engine Cuntrol Sphere Safing

The heliun tanks were safed by energizing the engine helium control solenoid
valves wnich initiates the engine purges (LOY dome, GG LOX injection and

LOX pump intermediate seal) thus depleting +he helium in the tanks. The
tanks were safed frcm a maximum pressure of 2890 psia (Engine No. 5) down

to 60 to 120 psia in 335 seconds as shown in Figure 6-16. Data subsequent
tc th2 first revolution {5200 seconds from initiation of safing) indicated
tank pressures of 0 to 60 psia.

6.1 S-1T HYDRAULIC SYSTEM

S-11 hydraulic system oerformance was ..ormal throughout the flight.
Hydraulic pressures during the countdown and fiight were normal. Accumu-
lator gas pressures ranged between 3650 and 3300 psia compared to the
redline of 3000 psia minimum. Accumulator pressures were between 3530
and 3630 psia, which is well within the predicted ranae of 3300 to 3800
psia. Reservoir pressures were between 98 and 190 psia c<y)ared tc pre-
dicted values of 78 to 105 psia. ,
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Figure €-16. S-II Engine Helium Tank safing

Servoactuator performance was normal. The servoactuator piston position
was less than 0.25 degree compared to the redline of + 1.5 degrees. A
maximum compressive force of 6500 1bs was exerted by the pitch actuator
of Engine No. 1, weil below the maximum predicted force of 19,000 1bs.

The fluid temperatures were nominal at liftoff and S-1I ESC. However,
during S-II boost the fluid temperatures increased more rzpidly than on
previous flights resuiting in a maximum temperature of 198°F at engina
cutoff compared to 120°F on other flights. The high temperatures are
attributed to a high base heating condition in the engine compartment
due to failure of the S-IC/S-II interstage to separate. (Discussed in
paragraph 9.5.2)

The reservoir volumes during prelaunch and engine start were well above
the minimum redline limit of 16 cubic inches. During S-II boost and

at S-I! OECO, the volumes were greater than on previous flights due to
increased fluid thermal expansion caused by the unusually high base
heating.
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SECTION 7
STRUCTURES

7.1 SUMIARY

Evaluation of the structural performance of tne launcn vehicle shows
ne area of concern for the SA-513 vehicle, and all conditions wera2 well
vithin the ernvelopa observed con recent Apollo flights.

The maximum structural loads were ~xperienced during the S-IC bLoost
phase and were below the design values. The maximum bending moment was
52 % 106 1bf-in at the S-iC LOX tank (approximately 40 percent of the
Jesign value). The maximun. longitudinal transient responses at the
Instrument Unit (IU) were +0.15 g and +0.05 g at S-IC Center Engine
Cutoff (CECO) and Outboard Engine Cutoff (0ECO), respectively. These
values are lower than thcse observed on recent flignts.

During S-IC boost phase the expected small oscillatory response in the
first longitudinal mode (€ Hz, was observed from approximately 95 seconds
until CECO. The Instrument Unit sensors reached +0.06 ¢ just prior to
CECO. This is the same level experienced on AS-5T2 and AS-511. POGO

uid not occur during S-1C boost.

The S-II stage center engine L0X feedline ac:umulater successfully
inhibited the 16 Hz PCG(G oscillations. A peak response of +0.2 g was
measured on engine Nn. 5 gimbal pad during steady state engine opera-
tion. As on previous Apcllo flights, low amplitude 11 Hz oscillations
were cxperienced near the end of S-II burn. Peak engine No. 1 gimbal
pad response was +0.04 g. POGO did not occur during S-II boost.

The SA-513 vibration levels were simila~ at liftoff and lower during
subsequent flights as compared to those experienced on previous
missions.

7.2 TOTAL VEHICLE STRUCTURES EVALUATION
7.2.1 Longitudinal Loads

The structural loads experienced during SA-513 boost were well within
design values. The steady state acceleration of 1.Z27 ¢ at launch was
slightly higher than pradicted (1.25 g) resulting in slightly higher
longitudinal loads but no associated problems. The maximum longitudinal
dynamic response of +0.20 g (Figure 7-1) at the IU during thrust buildup
is comparable to that experienced on previous Apollo flights.
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Figure 7-1. SA-513 Longitudinal Acceleration at IU During S-IC Thrust Buildup
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The F-1 engine thrust buildup rates were normal. The ignitica sequence
was 1-1-1-1-1 with engines 2 and 3 igniting early relative to the center
engine. While the planned 1-2-2 start sequence was not achieved
(Reference Paragraph 5.2) the time deltas between pairs of diametrically
opposed engines were within the 3v dispersioi (¢29 ms) used in the
pre-flight loads analyses.

The maximum longitudinal dynamics resulting from CECO were +0.15 g at the
IU as shown in Figure 7-2. This value was slightly lower than the
+0.25 to +0.20 g which was experienced on previous flights.
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For CSCO the maximum longitudinal dynamics at the IU were +0.05 g (Figure
7-2);'previ0us flights we~e +0.27 to +0.32 g. The significantly lower
dynamics at OECO are due to the staaggered 2-2 outboard F-1 engine shutdown
secueice.

“Yeximan 1Y longitudinal dvnamics at S-1I cutoff and S-II/SWS s2raration
are shown 1n Fiyure 7-3. The d.namics of +0.: 7 are sinnifi:rt]
Tover than the preflight nrediction of 10.5 q.
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Figure 7-3. SA-513 Lcngitudinal Acceleration at IU During S-1I Thrust
necay and S-II/SWS Separation

The longitudinal loads exparienced at : time of maximum bending moment
(66 seconds) were as expected and are shown ir Figure 7-4. The steady
state Tongitudinal acceleration was 1.9 g. Figure “-4 also depicts

that the maximum longitudinal loads imposed on the S-IC stage thrust
structure, fuel tank, and .ntertank area occurred at S-IC CECO (140.5
seconds) at a longitudinal acceleration of 4.45 g.

7.2.2 Bending Moments

Peak bending moments occurring at 66 seconds are shown in Figure 7-c.
Bending moment computations are pased on measured flight parameters
(gimbal angle and dynamic pressure) and reconstructed angie of attack.
The maximum moment cf 82 x 106 1bf-in at station 1156 was approximately

40 percent of design value.

The maximum lateral dynamics in the yaw direction at the IU during lift-
off were +0.08 g (Figure 7-6). Accelerations in the pitch direction were
of comparable amplitude. Predicted 3c values during liftoff were +0.32 g
at the IU.

7.2.3 Combined Loads

Combined compression and tension loads were computed for the max imum
bending moment, CECO, and OECO conditions using the loads shown in
Figur~s 7-4 and 7-% and measured ullage pressures.
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The envelope of combined loads experienced are shown for each vehicle
station along with the associated capabilities in Figure 7-7. The
minimum factor of safety (Ratio of capability to actual limit load)
was 1.32 at Station 3258 for the CECO condition.

7.2.4 Vehicle Dynamic Characteristics

During S-IC stage boost. the significant vehicle respc.se was in the
expected 6 Hz first longitudinal mode. The IU sensor A2-603 reached
+0.06 g near CECO. This is the same level experienced on AS-512

and AS-511. Spectral analysis of engine chamber pressure measurements
shows no detectable buildup of structural/propulsion ccupled

oscillations. POGO did not occur during S-IC boost. Figure 7-8 shows

the SA-513 longitudinal modal frequency correlation (ana’vsis vs. measured).
Tne analysis is in good agreement with the measured data as the vehicle
respcnds in the first loagitudinal mode (at iow amplitudes) throughout the
S-iC boost prase exzept for a few seconds after the 63-sacond anamaly

(See Section 17). A* this time, the accelerometer which is located on

the iU skin senses longitudinal oscillations as the vehicle responds in



o e

o

S RSN A b

s RIS 0

VEHICLE STATION, in

2000 2000 1000 0
VEHICLE SYATION, ®
% & 70 60 50 w0 30 20 W ]
| & T ! T |
- - - BENDING MOMENT DESIGH LOADS
200 ——— sA-513 L 10
i t e
FLIGHT TIME = 66 SEC. T\
20 4— ANGLE OF ATTACK = 2.8 DEG Lt "
EFFECTIVE GIMBLE ANGLE = .37 DEG g \
e / \ | .08
. : / \
3 {2 15 7 X g
":’c_, - // \\ b .06 <
. z NORMAL LOAD FACTOR ’ \ 2
e to{ & 4 WITH STRUCTURAL CYNAMICS \ S
¥ g — 7 — 4
§ § // .04 g
z 2 4 g
z -7
2 5 ," . 02
. \basi-saric )
-
0J 0 i v 0
NLL | | |
Figure 7-5. SA-513 Maximum Bending Moment
0.50
o 0,25
: A«hﬂﬂ
L ol
0
g 7
—d
g
< .0.25 4
-0.50 ol
- 0 3

Figure 7-6. SA-513 Lateral Acceleration During Thrust Buildup

the third bendirg mode.

and Launch

The SA-513 lateral modal frequency correlation (analysis vs. measured)
shows the snalysis to be in good agreement with the measured data (Figure

7-9). Eerly in the flight the vehicle responds in the third bending-mode.
This mode can easily be excited by aerodynamic forces.

7-5

Later in flight,
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Figure 7-7. SA-513 Envelope of Maximum Combined Loads

when the aerodynamic forces diminish, the vehicle responds in the
second mode which can be excited by engine perturbations. The waximum
amplitude (+0.4 g) was recorded in the IU at the time of 63 seconds
anomaly (reference Section 17) in the third bending mode which was
excited externally at the OWS. This mode has its largest structural
gain in this area and essentially zero gain at the engine gimbal pads.

The S-I1 stage center engine accumulator effectively suppressed the 16
Hz POGO phenomenon. The flight data show that the 16 Hz oscillations
were inhibited with amplitudes generally less than those on recent
Apollo flights. The peak center engine gimbal response was +0.Z2 g

as compared to +0.4 g on AS-512. POGO did not occur.

Transients usually present in the center engine LOX pump inlet pressure
during initiation of accumulator helium fill were not experienced dur-
ing SA-513 flight.
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Late in S-II stage boost phase, the dynamic measurements displayed

very low amplitude 11 Hz response. The Engine 1 thrust pad accelerometer
(E361-206) data show a maximum level of +0.04 g at 9.8 Hz near 570
second,

7.2.5 Vibration Evaluation

The SA-513 vibration and acoustics data fall within the envelope of
previous flight data indicating that these environments were as expected.
Figure 7-10 depicts spectra for E0040-603 for AS-510, AS-511, AS-512 and
SA-513 for liftoff, Mach 1 and Max q portions of the flight. The 5A-513
data are comparable to previous vehicle levels at liftoff, and below
these levels at subsequent flight times.

7.3 POGO LIMITING BACKUP CUTOFF SYSTEM
The POGO Timiting backup cutoff system performed satisfactorily during

the prelaunch and flight operations, The system did not produce any
discrete outputs and should not have since there was no POGO.
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SECTION 8
GUIDANCE AND NAVIGATICN

8.1 SUMMARY

The Guidance and Navigation System successfully supported the accomplish-
ment of all guidance and navigation mission objectives with no discrepan-
cies in performance of the hardware. The end conditions at orbit
insertion were attained with insignificant error.

An anomaly related to the flight program occurred at 3805 seconds, during
the first orbital revolution. Thic was a switch frem the inertial plat-
form pitch axis gimbal fine resolver to the backup gimbal reso’ver,

which is discussed in Paragraph 8.3.3.

A single test failure of the yaw axis gimbal r2solver "Zero Reascaable-
ness Test" occurred at 190 seconds. This even. 15 discussed in Firagraph
8.3.2.

Guidance and navigation system components responded to the physical exci-
tations experienced by the vehicle at 63 and 593 seconds (see Section 17).

A change in the navigation scheme was instituted on this flight due to
the possibility of lateral accelerometer pickups limiting against their
mechanical stops during 1iftoff. However, telemetry data indicated
that no limiting occurrec.

The guidance scheme was modified to include inertially-referenced pitch,
as well as yaw, commands for the tower clearance maneuver because of the
orientation of the platform coordinate system required by the northerly
flight azimuth. A yaw steering command profile based on increased
anticipated cross-wind components was added to the atmospheric-boost
phase of guidance.

8.2 GUIDANCE COMPARISONS

The postflight guidance error analysis was based on the comparisons of
position and velocity data generated by guidance system with corre-

sponding values from the final poctflight trajectory (21-Day Observed

Mass Point Trajectory, OMPT) which was established by consideration of

both tracking and guidance system data (see Section 4). Comparisons of the
inertial platform measured velocities (Project Apollo Coordinate System
Standard (PACSS) 12) with corresponding OMPT data from launch to Orbit
Insertion (OI) are shown in Figure 8-1. The differences in vertical and cro-s
range velocities are very small throughout the flight. The downrange
differences may indicate, in addition to small platform hardware errors,
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Figure 8-1. SA-513 Trajectory and ST-124M Platform Yelocity Comparisans,
Boost- to-Orbit Insertion (Trajectory Minus LYDC)

a small time bias, or angular error in the transformation of ground tracking
data to the launch site and inertial coordinate system at the time of
gquidance reference release. However, the differences are within 3o envelopes
and well within the accuracy of the data compared.

The inertial platform velocity measurements at significant event times
are shown in Tabie 8-1 along with corresponding data from the OMPT.
The small differences between the telemetered and OMPT data reflect
some combinatica of small guidance hardware errors and trajectory
determination errors.

Velocity gain due to thrust decay and 5-1I retro-motor plume impinge-
ment after Guidance Cutoff Signal (GCS) was essentially as predicted
unti’i approximateiy 593 seconds. At that time the guidance and naviga-
tion system responded to the 593-second anomaly (see Section 17 for
detailed discussion of this event). Measurcy ana predicted velocity
gains are summarized in Table 8-2 and shown in Figure 8-2. The velocity
gain from GCS tc S-II/SWS separatinn as sensed by the platform accelero-
meters, was 6.30 m/s (20.67 ft/s) or 0.10 m/s (0.33 ft/s) greater than
the Operational Trajectory prediction. The measured velocity gain
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Table 8-1. SA-513 Inertiai Platform Velocity Comparisons
VELOCITY - PACSS 12

EVENT DATA SOQURCE, METERS/SECOND (FECT/SECOND)
VERTICAL CROSS RANGE DOWN RANGE

X Y z
LvDC 3066.77 5.55 2162.82
S-1IC (10,127.20) (18.21) (7095.87)
CECO Postflight 3086.17 5.24 2163.10
Trajeciory (10,125.23) (17.19) (7056.78)
LVDC 3179.80 517.78 7501.07
S-I1 (10,432.41) (1698.75) (24,609.81)
GCS Postflight 3180.14 518.05 7501.07
Trajectorv ' (10,433.53) (1699.04) (24,609.81)
LVDC 3174.85 518.85 7506 .95
Orbital (10,416.17) (1702.26) (24,629.10)
Insertion { Postflight 3175.28 518.28 7507.39
Trajectory (10,417.59) (1700.39) (24,630.54)

from S-1I/SWS spearation to 593 seconds was slightly less than the OT
values for the same time interval making the total velocity gain from
GCS of 6.76 m/s (22.18 ft/s). for the Launch Vehicle Digital Computer

(LVDC) compared to an OT value of 6.83 m/s (22.41 ft/s).

The 0T

simulation assumed no thrust after this time period (approximately 4

seconds after GCS).
a 1.47 m/s (4.82 ft/sec) increase after 593.04 seconds.

However, the LVDC elocity accumulation indicated
Since the LVDC

reads the accumuilated accelerometer outputs orly at the beginning of a
computation cycle (approximately 1 second) for navigation purposes,
the velocity accumulations at approximately 593.71 seconds could be

slightly in

component was noted over ten succeeding computation cycles.

erraor.

However, only one pulse (0.05 m/s) change in each

The

accelerometer optisyn signals are in pairs and only one of each pair
was telemetered which makes it impossibie to actually reconstruct

the accelerometer outputs during this transient period.

of the 4V from point to point is shown in Table 8-2.
velocity gain from GCS to orbit insertion was 8.35 m/s (27.40 ft/s)

The summaticn
The measured




Table 8-2. SA-513 Velocity Gain After Guidance Cutoff Signal
VELOCITY CHANGE - PACSS 12 - M/S (FT/S)
TIME DATA X . X
INTERVAL SOURCE aX aY al AV IaV
LvDC -3.2% 0.82 5.33 6.30 6.30
From GCS to (-10.66) | (2.69) | (17.49) | (20.67) | (20.67)
SWS Separation
oT -3.21 0.85 5.24 6.20 6.20
(-10.53) | (2.79) | (17.19) | (20.34) | (20.34)
LVDC -0.20 0.10 0.40 0.46 6.76
From SWS Separa- (-0.66) | (0.33) (1.31) (1.51) | (22.18)
tion to 593.04
sec. o7 -0.13 0.09 0.53 0.63 6.83
(-1.38) { (0.30) (1.74) (2.07) | (22.41)
LVDC -1.45 0.25 0.10 1.47 8.23
From 593.04 sec.
to 593.71 sec. (-4.76) | (0.82) (0.33) (4.82) | (27.00)
' o1 0 0 0 c 6.83
(22.41)
LvDC -0.05 -0.10 0.05 0.12 8.3
% 01 ot 0 0 0 0 6.83
(22.41)
1/2

"oV = (ak® + a¥ + 47%)

compared with the 07 value of 6.83 m/s (22.41 ft/s).
velocity at O was 7649.22 m/s (25094.87 ft/s) which indicated an
overspeed of 0.49 m/s (1.61 ft/s).

The LVDC total

Comparisons of Navigation (PACSS #13) positions, velocities and flight
path angle at significant event times are presented in Table 8-3.

Differences between the LVDC and OT values reflect the normally

encountered differences between actual and nominal flight environment

and vehicle performance.

At S-1I stage cutoff the LVDC total velocity

was 0.07 m/s (0.23 ft/s) less than the CT and the radius vector was 3.3
At OI the LVDC total
velocity was 0.49 m/s (161 ft/s) greater than the OT value which was

meters (11.0 feet) greater than the 0T value.

mostly due to the uaexpected transient after S-II/SVS separation.
The guidance system per-

LVDC and OMPT data were in good agreement.
formed as expected from launch to OI.
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Table 8-3. SA-513 Navigation Compzrisons (PACSS 13)

POSITIONS VELOCITIES
FLIGHT PATH
CVENT DATA SOURCE METERS (FEET) METERS/SEC (FEET/SEC) MGLE (C£6)
: xg A\ b2 ] Ig A I Vg )
*
s-1c Nevigator 6456954.3] 6c287.8] 12020s.5] edzescedl a0}l 305.63 2421.90 | 2803.24 | 30.583306
Ennines (Lvoc} (21184233, J](217480. ) | {3%6.c. )| (J11eww63. )| (45212500 01002.72) | (7945.87) | (9196.98)
Nurber Postfliant 6456934.2| 66286.8] ze9us.5] edsedos.3| 13777 | o533 2422.08 | 2803.15 { 30.57410
2anc 4 Trajectory (211833673 |{2173 % )| (396672.),(21188997. 1 {4519.91{(1001.73) | (7986.46) ]| (9196.69)
Cutoff Crerational 6456505, | 65424, 103036, | edsrani. | a3} 29729 2404.49 | 2785.35 | 30.6885
Trajectory (21182759 )]{216¢B3. | (393es2 1 |(21187228. 5 (#508.33;] (975.36) | (7888.74) ) (9138.30)
S-11 *avinator 6496939 1| 245235, 7] Joe2si5. 7| &sVvaw 3| -Taz9.a7 | 4127 240.55 | 7¢2.09 | 0.008392
ncs {Lvac) (21282609 ;] (805467, |{6%E142. 1 1,26347396 | |(-7682 62, [128351.99) }1737595.09) |(25072.47)
Pustflight 6486954, 7| 245501 .| 2% 0¢c. 3| esiisee i) -2y 7155 240.50 | 4191 | o0.01n18
: Trajectory (21282660 ,1 (305351 . ) [{c 765w, 1 1122587600 )} (- 7630 98) | (2432 91) J123754.92) [(2s071.88)
Operational 6489647 | 284654, | 2053350, | 6811483 | -2319.4) | sa1.60 7283.2 | rea2.16 | 0.0127
g Trajectory (21291892 ) (802670 ) [{678Ge52. 1| (22337385 ) |{- 7609.68) | (ca33.08) | (237e5.811](25072.72)
Ordit Mavitator 6863197, 71 252537.5] 2135231.9| 611476 1| -2816.08 | 739.28 7219.89 | r649.22 | -0.013267
Insertich (L) (21204717, , 329865.) |(7005420.}[(22337363 ) [(-792€.64)1{2625_46) |(23687.30) |(25095.87)
] Postflight 6863215. 3| 25250€.3] 2735821 9] e€2nsaa €] -2015.85 | 75273 7220.27 | 7649.34 | -0.00707
Trajectory {21204775.) 1 (829745, |(7005977.){(22347537 }}{-1924.70; |(2423.65) | (23688.5¢) |(25096.26)
3 Operational 6466005, | 252065. | 2128661. | 6BVIagr | -2408.62 | 739.50 722315 | 7648.73 | 0.0008
4 Trajectory (21213926 ) |{826986. ) §(6977990. ) [ (22347362 } {( - 7€29. 19) [ (2826 .19) | (23698.01) |(25094.25)
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8.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION

The LVDC flight program performed all required functions properly. One
anomaly occurred and is discussed in Paragraph 8.3.3. Several flight
program changes from the Saturn V Apollo navigation and guidance scheme,
as discussed below, were successfully instrumented. A minor discrepancy
occurred and is discussed in Paragraph 8§.3.2.

6.3.1 Major Differences From Past Schemes

Major differences between the SA-513 guidance schemc and that employed in
recent Saturn V Apollo configurations consisted of the following: 1)
inertially-referenced pitch commands to the tower clearance maneuver,

2) addition of yaw steering to the atmospheric boost time-tilt profile,
3) S-11 stage CECO commanded as a function of vehicle characteristic
velocity rather than burn duration, and 4) S-II stage OECO commanded on
inertial velocity rather than depletion cutoff. The navigation scheme
was altered to use pre-set accelerations in lieu of y and z accelero-
meter outputs until approximateiy i0 seconds.

The tower clearance maneuver consists of a rotation about the vehicle
yaw axis. Past Saturn Apollo flights have been such that the inertial
yaw axis was sufficiently parallel to the vehicle yaw axis so that only
an inertial yaw steering command was necessary. Alignment of the Z
inertial axis to the northerly flight azimuth of the SL-1 resulted

in a change in the inertial axes to vehicle axes orientation such that
an inertial pitch, as well as yaw, was required to obtain a rotation
about the vehicle yaw axis.

Yaw steering as a function of time during atmospheric boost was added

to minimize launch vehicle aerodynamic angle of attack and the attendant
bending moment magnitude. This action was taken because of the increased
magnitude of the anticipated crosswind component due to the more
northerly launch azimuth coupled with the prevziling southwesterly

winds in the launch area.

S-11 CECO was commanded as a function of stage performance as keyed
by a navigator-calculated accumulation of characteristic velocity.
The change resulted in a more optimum S-II stage boost profile.
S-1I OECO was programmed as a guidance controlled event rather than
a propellant depletion cutoff because the S-II was the terminal
booster for the first time.

Modeled lateral acceleration inputs to the navigator in lieu of
inertial Y and Z platform accelerometer outputs, were introduced
into the flight program for the first ten seconds of flight. This
change insured that if limiting did occur, no effect on the flight
would result. Accelerometer l1imiting has in the case of three

raet
L

i e
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previous flights been caused by the high level of acoustic energy that
accompanies Saturn V liftoff. Limiting is due to the accelerometer
pickup hitting their mechanical stop and cause biases to be introduced
into the accelerometer values used in the onboard navigator. Prior
studies showed that considerable degradation to the SWS orbit could
result from the navigation errors associated with limiting. However,
for this flight no limiting occurred. The modified scheme resulted

in negligible error of -0.15 r/s downrange and -0.05 m/s crossrange.

3.3.2 Guidance Event Times

A11 guidance events scheduled at preset times occurred within
acceptable tolerances. A1l flight program routines, including time-
tilt, IGM, navigation and minor 1ccp functions were accomplished
properly. Times of occurrence of major navigation and guidance
events are shown in Table 8-4.

Table 8-4. SA-513 Start Times for ICM Guidance Commands

e AR o

g RANGE TIME - SECONDS

% EVENT PREDICTED ACTUAL DELTA

? IGM Initiation 196.220 197.071 0.851

¢ (Phase 1)

IGM Phase 2 314.345 315.089 0.744
IGM Phase 3 402.470 404.545 2.075
Terminal Steering 563.720 565.777 2.057

3 8.3.3 Yaw (Z) Axis Resolver Unreasonable Indication

A single instance of an unreasonable zero output by the yaw axis fine

4 resolver was indicated at 190 seconds during the inertial attitude

hold between S-II engine start and IGM initiation. The Zero Reasonable-
ness Test is applied to distinguish between a normal electrical zero
reading of the gimbal angle resolver, which can occur 64 times in a
complete gimbal rotation (every 5.625 degrees), and a power supply
failure which also would cause an electrical zero reading. When two
successive zero readings occur and the attitude error is sufficiently

{WW{““"&'&%‘% Hi e SR
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large to be causing control reaction, i.e., larger than a preset constant,
the occurrence of successive zeros is considered unreasonable. Three
unreasonable determinations in C.8 seconds during boost (one second

during orbit) initiates a switchover to the backup resolver. In this
instance, only one unreasonable determination occurred.

Analysis of the fine gimbal angle data verified that the error word

was proper and that the zerc readings were expectatie. The attitude
error output was 0.24° and not changing. This offset in attitude error
of greater than 0.06° resulted from a comtination of rate gyro null
offset and a stage thrust misalignment. It was determined, however,

that the criteria should not be changed since the probability of three
successive test failures without a real system failure is very low, and
because the impact of inadvertent switchover to the backup resolver would
only be loss of redundancy.

8.3.4 Pitch Axis Resolver Switchover

At 3805 seconds, during the first orbital revolution, the Y (pitch) fine
gimbal angie was found unreasonable three times within one second causing
switchover to the backup resolver. The unreasonable readings were deter-
mined by the Zero Reasonableness Test {see Paragraph 8.3.2). The
resolver switchover had no effect on the mission and (esulted only in
loss of redundancy. The control system deadband used for orbital atti-
tude control for the Saturn Work Shop has a larger attitude error limit
deadband {2.0°) than in the Apollo system (1.0°). The computer test
constant used to represent the deadband should, therefore, have been
increased to reflect the increased attitude errcr limit. However, the
test constant was set at 1.2°, the Apollo value. 1n addition, a null
offset (within specification) in the Control Signal Processor effec-
tively moved the control deadband so that an appropriately set test
constant woulid not have properly represented the edge of the deadband.
These two conditions, either of them sufficient, permitted the Zero
Reasonableness Test to be failed in pitch when the vehicle pitch attitude
was actually within the control deadband.

A repeat of this occurrence for either SL-3 or SL-4 is unlikely. However,
the test constant values have been re-evaluated based on known rate-gyro
null offsets. As a result of this re-evaluation, the test constant will
be increased to 2.0°.

8.3.5% Attitude Commands

Vehicle attitude commands issued during boost are shown in Figure 8-3
along with the predicted values. Yaw steering commands are slightly
different from those predicted due to larger than predicted steering
misalignment ccrrections, and different-from-nominal initial conditions

for 1GM initiation.




g.3.¢ Terminal Conditions

A comparison of desired and achieved guidance terminal conditions is

shown in Table 8-5. The small error values indicate satisfactory

performance by the guidance and navigation system.

g.3.7 Orbiter Phase

Orbital guidance and events sequencing were as specified.

attitudes during the orbital phase are shown in Table 8-6.

PITCH ATTITUDE COMMAND, deq
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Table 8-5.

SA-513 End Conditions

ERROR
(ACHIEVED-
PARAMETER DESINED ACHIEVED DESIRED)
Velocity, ¥y (m/sec) 7648.7198 7648.6326 -.0872
Radius, P (meters) 68115040 6811492.% -41.9
Path Angle, o1 (veg) +.005 -.002905 -.00790%
Inclination, 1 (deg) $0.029 50.0284 - . 0006
Descending Node, ) (deg) 163.2% 153.249 -.001

Table 8-6. SA-513 Orbital-Phase Commanded Attitude Angles
COMMANDED ANGLE, DEGREE

EVENT TIME PaLL (X) PITCH (v} | YAW (2)
Attitude Hold Ta +0.0335 -121.0352 | +B.0524
Shroud Jettison and T2 + 11,005 Sec 0.0 161.702¢ | -2.1.%
Initiate NDrbital Guidance
Solar Attitude Ta + 370.1€69 -175.1280 -81.1276 +5.6845

8.4 NAVIGATION AND GUINANCE SYSTEM COMPONENTS

The navigation and quidance hardware satisfactorily supported the accomplish-

ment of mission objectives.

L W)




8.4.1 Stabilized Platform. System

A1l three gyro servo loops operated properly. Maximum deflections of the
pickoffs at various event times are listed below:

1 Gyro X Gyro Y Gyro

Liftoff <+, 05° <+,05° <+, 05°

-.0%° <-,05° <-,05°

~ 63 Sec +0.1° +0.1° +.07°
-0.1° -0.1° -.06°
~ §93 Sec +.08° +2.7° +.07°

-.07° -0.15° -0.1°

Payload Shroud +.07° <+,05° +0.1°

Jettison <-,05° <-,05° -.05°

A1l three accelerometer servo loops responded properly to the wehicle
accelerations. Maximum deflections of the pickoffs at various times are
listed as follows:

2 Acoel X Accel Y Acoel
Liftoff «1.7° +1.1° +2.0°
-1.9° -1.0° -2.0°
~ 63 Sec +«{.4° +0.5° +0.5°
-0.4° -0.3° -0.6°
~ 593 Sec +41.3° +4.5° €2.7°
-1.4° -5.2° -2.9°
Payload Shroud +2.0° +1.8° +1.7°
-3.6° -1.4° -2.1°

8.4.2 Guidance and Navigation Computer

The LVDC and LVDA performed satisfactorily, and no hardware anwalics were
observed during any phase of SL-)1 flight.
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SECTION 9
CONTROL AND SEPARATION

9.1 SUMMARY

The control systems functiored correctlv throughout the fliaht of SA-513.
Engine aimbal deflections were nominal. Bending and slosh dynamics were
adeouately stabilized. No undue dvnamics accompanied any separation,
however, the S-IC/S-II interstage failed to separate and caused hiqh
temperat res and pressures in the S-1I thrust cone reaion during the S-II
burn, as discussed in paraqraph 9.5.2. The failure is attributed to
damace to the Linear Shaned Charae (LSC) or the LSC cover resulting from
Orbital Work Shop meteoroid shieid debris.

9.2 S-1C CONTROL SYSTEM EVALUATION
9.2.) Liftoff

The liftoff tower clearance maneuver occurred as planned. Table 9-1
summariz2s liftoff misalignments and conditions.

9.2.2 Inflight Dynamics

The SA-513 control system performed as expected during S-IC boost except
during the 63-second anomaly discussed in paragraph 9.2.3. Jimsphere
measurements indivate two significant wind peaks. The first wind peak was
29.5 meters per second at 9.25 kilometers altitude with an azimuth of 263
degrees. The second peak was 4.4 meters per second at 12.7 kilometers
with an azimuth of 267 degrees. The first wind peak caused the maximum
total angle of attack of 2.8 degrees. The control system adequately
stabiiized the vehicle in this wind. About 7% of the available pitch
gimbal angle and 8% of the available yaw gimbal angle were used.

Time histories of pitch, yaw, and roll control parameters are shown in
Figures 9-1 through 9-4. The peaks are summarized in Table 9-2. Dynamics
in the region between liftoff and 40 seconds resulted primarily from
guidance commands. Between 40 and 110 seconds vehicle dynamics were
caused by the pitch and yaw guidance programs, the wind, and the 63-second
anomaly. Dynamics from 110 seconds to S-IC outboard engine cutoff were
caused by center engine shutdown, tilt arrest and high altitude winds.
There is no evidence of a flow separation transient as experienced on
Apollo flights.

The attitude errors indicate that the equivalent thrust vector misalignments
were 0.05 and -0.05 degrees in pitch and yaw, respectively. Roll engine
misalignment was zero deqrees nrior to outboard engine cant and 0.01

degree after cant. The attitude error transients at center engine cutoff
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Table 9-1. SA-513 Liftoff Conditions Misalianment Summary

PREDICTED 3- RANGE LAUNCH
PARAMETER 7
PITCH YAW ROLL | PITCH YAW ROLL

Thrust Misalign- 0.3V ¢ -0.311]-0.37 0.C5 | -0.05 0.0
ment, deg

Center Engine -3.31)-6.3 - 0.09 0.02 -
Tant, deg

Vehicle Stacking ‘0.28 ] -0.28 0.0 0.0 2.0 0.0
and Pad Misalign-
ment, deg

>

<
(o
[oa)

Attitude Error at - - - -0.06 | -G.06
Holddown Arm
Release, deg

L================i======L=====i=====J======L=====L======J
ACTUAL

PREDICTED

Peak Soft Release! 415,900 (93,500) *
Force Per Slow
Release Rod,

NUlbf)

Wing 19.55 m/s (38 5.1 m/s (10.0 Knots)
Knots) at 161.5 at 161.5 Meters
Meters (530 Feet) (530 Feet)

Thrust to Weight 1.240 1.263

*Data not available

indicate that the center engine misaliqnments were 0.09 and 0.02 degrees
in nitch and yaw respectively.

A1l dynamics were within vehicle capability. The attitude errors required
to trim out the effects o7 thrust unbalance, offset center of gravit,,
thrust vector misalignment and control system misalignments were within
predicted envelopes. The peak angles of attack in the maximum dynamic
pressure (Max q) reaion were -2.02 degrees in pitch and 1.9€ dearees ir
yaw. The peak average enaine deflections required to trim out the aero-
dynamic moments in this reqion were -0.34 dearee in pitch and 0.39 degree
in yaw.
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Table 9-2. Maximum Control Parameters During S-IC Burn

PITCH PLANE* YAW PLANE* ROLL PLANE*
PARAMETERS RANGE RANGE RANGE
AMPLITUDE TIME AMPLITUDE TIME AMPLITUDE TIME
(SEC) (SEC) (SEC)
F
Attitude Error, deg -0.60 109.0 -0.66 2.9 -1.62 13.5
Angular Rate, deg/s -0.70 76.6 0.58 4.1 1.5 to 2.5** 6350
Average Gimbal -0.37 77.5 0.45 66.7 +0.09 63.6
Angle, deg -0.09 67.3
Angle of Attack, -2.02 66.0 1.96 65.5
© deg {(During Max q)
]
~ Angle of Attack 5.98 66.0 5.77 65.5
Dynamic Pressure (1250) (1210)
Product, deg-N/CM2
(deg-1bf/ft2)
Normal 0.27 76.9 0.3 65.6
Acceleration, m/s2 (0.90) (1.00)
(ft/s2)
*Corrected for biases
**Caused by 63-second anomaly




No divergent bending dynamics were observed. Figure 9-5 shows LH2
slosh mass displacements measured during flight aleng with preflight
predicted and postflight simulated displacements. The measured data
shown has been reduced by 40% to account for amplification factors in
the capacitance probe during S-IC flight. The deviation between
measured and poztflight simulated data may be due to: a) harmonic
beating of the first slosh myde with higher modes not modeled in the
simulation; or b) unpredictable slosh wave rotation out of the plane
of the probe.

Vehicle dynamics prior to S-IC/S-II first plane separation were within
staging requirements.

9.2.3 63-Second Anomaly

The SA-513 Yaunch vehicle inscrumentation indicated unusual disturbances
at about 63-seconds. An external moment caused an increase in roll rate
to about 2.2 degrees/second. Pitch and yaw rate transients also were
observed, but the frequency of these transients (about 4 Hertz) indicate
that these were structural responses. The pitch and yaw accelerometers
in the IU also recorded structural motion.

An anaiysic has been made of the vehicle dynamics during the 63-second
region of flight. It was found that the rigid-body and structural

motion of the vehicle can be approximated by an external impulse of

26,100 newton-seconds applied in the region of Solar Array System (SAS) wing
number 2. This impulse is produced by a force of 290,000 newtons acting for
0.09 seconds. The force is applied tangentially to the meteoroid shield (at
vehicle station 75.34) at a point 30 degrees from position IV toward
position I with pitch and yaw components of 251,000 and -145,000 newtons,
respectively.

Figures 9-6 through 9-8 show the simulated dynamic responses to the
external force compared with the meacured responses. The measured error
data shown is 100 sample-per-second data. However, the available
measured rate data shown is sampled at 10 samples per second. This low
sampling frequency significantly affects the quality of the rate measure-
ments. Figure 9-9 shows the simulated and measured I.U. lateral
accelerations. The angles of attack are shown in Figure 9-10.

£ more complete discussion of the 63-second anomaly is contained in
Section 17.
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9.3 S-11 CONTROL SYSTEM EVALUATION

Tr> S-11 stage attitude control system performance was satisfactory. The
vehicle dynamics were within expectations at all times. The maximum values
of pitch parameters and yaw attitude error occurred in response to Iterative
Guidance Mode (IGM) Phase 1 initiation. The maximum values of yaw gimbal
angle and all roll control parameters occurred in response to S-1C/S-II
separation conditions. The maximum control parameter values for the period
of S-11 burn are shown in Table 9-3.

Table 9-3. Maximum Control Parameters During S-II Burn

PITCH PLANE® YRW PLANE® ROLL PLANE®
PARNMETEP UNITS MAGN ] TyDE RANGE TIME MAGN ] TUDE RANGE TIME MAGN 1 TUDE RANGE 7 1ME

(SEC) (SEC) (SEC)
Attitude Error Deq -1.7 199.5 0.4 226.5 -1.9 163.0
Sttitude Rate Deg/s 0.9 200.8 -0.1 166.0 1.8 1641
Avergge Gimbai Deg -1.2 162.8 0.4 163.2 -0.4 163.5
Angle

.

*A1] biases remgved

Between S-IC OECO and initiation of IGM Phase 1, commands were held constant.
Significant events occurring during this interval were S-IC/S-11 separation,
and S-11 stage J-2 e:gine start. Pitch and yaw dynamics during this interval
indicated adequate control stability as shown in Figures 9-10 and 9-11,
respectively. Steady state attitudes were achieved within 10 seconds from
S-1C/S-11 separation.

At IGM initiation, guidance commands caused the vehicle to pitch up. During
IGM, the vehicle pitched down at a constant commanded rate of approximately
-0.1 deg/s. The transient magnitudes experienced were similar to previous
flights.

Other guidance command changes which caused dynamic cnanges were End
Artificial Tau Mode and beginning of Terminal Steering. The engine defiec-
tions in yaw following CECO were the result of change of trim conditions.
The center engine was not precanted to compensate for compliance deflection,
and because of the location of fixed lirks this compliance effect occurred
in the yaw plane as shown in the maximum yaw attitude rate in Table 9-3.

Flight and simulated data comparisons, Figures 9-11 and 9-12, show agree-
ment at those events of greatest control system activity. Differences
between the two can be accounted for largely by engine location misalign-
ments, thrust vector misalignmenits and uncertainties in engine thrust
buildup characteristics. The inflight thrust misalignments were found to
be -0.1 degree about pitch and yaw axes.
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9.4 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION

A1l elements of the Control Subsystem functioned properly throuahout the
boost phase of the mission. Durina the coast phase of this flinht, all
error and error rate sionals remained within the deadband. Attiitude
Control commands continued to be issued by the IU after S-1I cutoff and
vehicle responses indicated proper Thruster Attitude Control System
function.

Piscussion of a switchk from the ST-124M inertial platform nitch axis
gimbal angle fine resclver to the coarse (backup) resolver at 3805 seconds
is presented in Section 8. (orrective action will be considered for any
additional Orbital work Shop launch vehicles.

9.5 SEPARPATION
9.5.1 S-1C/S-11 Separation

S-1C/S-11 separation and associated seauencina were accomplished as
planned with eight S-IC retro-motors providina the separation forces.
S-1C and S-11 stace cleerance was 7 feet better than the 1 foct required
when liquid hvdroaen was dumped throuah the J-2 enaines.

Durinc the first plane separation period {159 to 161 seconds), the maximum
S-1I roll attitude error and 2nqular rate were approximately -0.7 dearee,
and -0.4 dea/sec, respectively, Maximum S-11 pitch and yaw attitude
errors were -0.6 and 0.2 dearee, respectively. C(orresponding maximum
pitch and yaw rates at this time were -0.]1 and 0 dea/sec. These rates
result in a lateral motion of the S-IC forward skirt -elative to the J-2
enaines. This motion is calculated to be 0.02 meters (0.6 inches),
resultino in a clearance between J-2 enagines and S-IC stage forward skirt
of 0.9 meters (35 inches). In contrast, the clearance distance is
tvpically 0.9 meters (36 inches) when pitch and vaw rates are zerc. So
the clearance in this case is normal.

Separation was completed when the J-2 enaines main propellcnc ianition
occurred at about 4.1 seconds from S-IC enqines cutoff. At that time the
stages are parted a distance of over 50 feet, and the distance continues
to increase with time.

9.5.2 S-11 Second Plane Separation tvaluation

The S-11 Interstace failed to fullv separate, ceusing elevated temperature
and risk of structural failure as discussed below.

Durina S-J! flight it was observed that the heat shield forward face and
thrust cone pressure measurements, Fiqur: 11-3; thrust cone forward
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surface temperature measurements: Fiqure 12-7: heat shield curtain gas
temperature measurements, Fiqures 12-9 and 12-10; and enaine actuation
svstem reservoir oil temperature measurements, paraaranh 6.11; were much
hisher than measured on nrevious flights. The thrust cone temperature was
seen to rise at a relativelv rapid rate until CECQ instead of showing a
distinct change at interstaage separation so characteristic of all previous
flights. Mt S-11 OECO, the measured SA-513 curtain aas temperatures were
about 234°F hicher than on previous flights. An analysis of the thermal
environment indicates that therm.aily induced structural failure in the
thrust structure area of the S-I1I1 stage was apnroached and would have been
exceeded for a "one contr. ] engine out" condition.

In addition, it was observed that the S-IT staoe burn time was: longer than
nominal at velocity cutoff.

In order to determine the cause of the observed base region anomalies, the
followina three failure modes were considered and analvzed: a) flexible
curtain failure, b) aas leak within the engine mounting circle forward of
the heat shield, and c) failure of the S-II interstage to separate. The
analysis clearlv established that neither the flexible curtain failure mode
nor the gas leak failure mode would have produced a condition which would
result in a reasonable match of the observed data.

The pressure and thermal analysis based upon the failure of the S-II aft
interstage to separate was based on these assumptions: a) flow field
forward of the heat shield is fed by the reversed gases deflected by the

aft surface of the heat shield, b) thrust cone and heat shield forward

face pressures are nroportional to the heat shield aft face pressure. The
results are shown in Figures 9-13 through 9-14 which show that the predicted
trends for both the heat shield forward face and thrust cone pressures and
thrust cone temperatures are in agreement with the flight data.

Three other areas of investication also provided supportive evidence that
the interstage did not physicallv separate from the stage. These were:

1) radar observations, (2) vibration data, and (3) the S-1I/SWS separation
relative velocity.

On previous Saturn V flights, charaes in the radar echo were correlatible

with the even.s of first and second plane separation, initiation of ICM, etc.

These same events were observed on the SL-1 fliaht with the exception of the
second plane separation event. No r“ange was observed in the radar pattern
during the time frame in which second plane separation should have occurred.

Analysis of radial vibrations at the forward skirt strinaer shows that on
three previous flights (AS-510 through AS-512) the vibratirn sensor (flight
measurement E00B1-219) detected the Linear Shapea Charge (LSC) detonation,
re .ponding with a transient damped low freaquency (i5 to 17 Hz) wave shape
modulating the characteristic (about 100 Hz) frequencv. In each case the
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peak-to-peak amplitude of the transient is about four times the peak-to-
peak amplitude of the residual vibrations and decays in about 0.5 seconds.
The SA-513 vibration sensor responded to a disturbance at the time of
second plane separation command; however, the transient response was only
about twice the peak-to-peak amplitude of the residual vibrations and
decays in a' ,ut 0.2 second. The smaller response on SA-513 could indicate
that the source of the disturbance was not as strong as on previous
flights.

The actuel S-II/SWS separation delta V was determined to be approximately
18.5 risec. This agrees closely with analysis of separation conditions
when S II aft interstaae is attached.

The above evidence shows that the S-II Interstage failed to separate,
however, the electrical data seemed to indicate that a normal separation
had occurred. A detailed analysis was required te resolve this paradox.

The key elements of the second plane separation svstem are shown in
Figure 9-15. Two Explodina Bridae Wire (EBW) units located near vehicle
Position II, fire opposite ends of a Linear Shaped Charge (LSC) loop
that passes completely around the vehicle in the separation plane. When
the LSC is detonated by an EBW firina unit the tension straps (199
straps about the vehicle circumference) holding the interstage in place
are severed and the interstaqe falls awav. The normal sequence is for
the EBW unit 1A to fire first with the detonation propacating around the
entire LSC loop in approximately 4 ms, towards Position I. As a backup
the second unit fires 100 ms later with the capability of detonating the
entire LSC loop from the opposite direction. If separation is nominal,
electrical disconnect between the S-II stage and the interstaoce occurs
prior to the second firina command 100 ms later and since the EBW units
are located on the interstace the backup EBW is not triggered. Elec-
trical disconnect occurs when the S-II stage and the aft interstage are
approximately 1/4 inch apart at the electrical connector panel.

Since the firing sequence occurred normally and electrical disconnect .
at the interstage electrical panel was indicated by the nommal voltage H
decay transient of the EBW 1B voltaage monitor and battery voltaae of :
units located in the interstace at least partial separation was indicated.
Partial separation indicates that seme of the tension straps were severed.
Assuming that detonation did not propagate completely around the LSC loop
an analysis was conducted to show where detonation was interrupted. This
analysis considered that a sufficient number of straps were severed to
permit at least 1/4 inch separation at the electrical panel, but that a
sufficient number of strans remained intact to hold the interstage on
acainst inertial forces. The analysis shows that severina a 165° arc

(89 tension straps) will provide 1/4 inch deflection for electrical
connector demating and a minimum of 100° arc (55 tension straps) needed
to hold the interstaae. These results are shown in Ficure 9-16 and
indicate that propagation was interrupted between vehicle Position III

‘ G I o 2 e e Am e o
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and ’1° bevond vehicle Position IV towards Position I. This corresponds
to a location between strinaer 12 and stringer 162, Fiqure 9-15.

Five LSC failure modes were investigated. These included thermal damane,
from aerodvnamic heatinq, LSC failure to propagate, installation/opera-
tional damage, over-pressurization of the fairinq, and debris damage.

Tne most probable failure mechanism was identified to be debris damage
from the OWS meteoroid shield which was lost at approximately 63 seconds
(see Section 17).

Fn analysis was nerformed to determine if the debris could impact the
S-II stace and, in particular, the S-II interstage separation plane L5C.
The analvsis determined that the debris could contact the S-II staqe and
data indicates it did damage the S-II forward skirt area increasing the
vent area by apnroximately 108 in2 as shown in Figure 11-5. The LH2
tank sidewall was protected with spray foam insulation and probably
incurred no damaae from the pass’ng debris. Traveling between 200 and
1000 ft/sec, the debris probably hit the LSC orot2ctive cover and
damaged the LSC to interrupt subsequent propagation. Even if the debris
had penetrated .he LSC cover only, the resulting temperature of the LSC
would increase o approximately 450 - 550°F because of aerondynamic
heatina and auto-iqnite. This condition could burn rather than detonate
a short lenath of the LSC and impair detonation propagation.

Vehicle operational or hardware corrective actions are still under
investigation for future missions of either an Apollo or Skylab Program.
The necessity for Apollo vehicle desian changes and operational flight
mission rule revisions will be assessed separately from Skylab mission
applications, consistent with unique factors in each review.

9.5.3 S-11/SWS Separation

A1l of the S-II/SWS separation commands were issued and received
properly. All expected responses from eight S-II stage vibration and
acoustic measurements were received at the time of S-II/SWS separation
verifvina that separation had occurred at 591.1 seconds.

The attitude errors that occurred during S-1I/SWS separation were larger
than nominal, see Figure 9-17 for pitch, yaw and roll errors. These
abnormally large valuves are a result of the 593-second anomaly. The
corresponding attitude rates and accelerations are presented with a
discussion of this anomalv in Section 17.

There is no flight data availabie to measure separation lateral clearance
between the OWS radiator and the S-II/SWS interstage structure. A
separation clearance analysis was performed based on the known rotation
of the SWS vehicle after separation and the predicted S-II stage rotation
due to center-of-gravity offsets. At the time when the OWS radiator had
moved axially to the top of the S-II/SWS interstaae, the lateral clear-
ance was estimated to te 1.4 meters.
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An analysis of the S-1I/SWS separation velocity (delta V) was made using
S-IT stage weight with and without the S-II interstage attached. If the
S-II interstage had separated as scheduled then the S-II weight at S-1I/
SWS separation would have been 53,964 Kg and the separation delta V

would have been 20.3 m/sec. If the S-II interstcne was still attached
then the S-II stage would have been 5027 Kg heavier at S-1I1/SWS separation
and the sepai-ation delta V would have been 18.5 m/sec. The actuval sepa-
ration delta VY, as determined by tracking data, was 18.2 to 18.9 m/sec

which agrees closelv with separation velocity with the S-II interstage
attached.

After successful S-11/SWS separation, the relative distance between the
vehicle elements provided an adequate margin of safety when S-II stage
pressure safina/venting was initiated. The safing sequence was scheduled
at 210 seconds after S-II/SWS separation. As can be seen by the dotted
Tire in Fioure 9-18, this interval is sufficiently long to insure an
adequate clearance distance during safing.
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Figure 9-17. Attitude Errors at S-1I/SWS Staging

Since the S-1I/SWS has a nominal nosedown attitude with respect to the
velocity vector at separation, the S-II stage initially moves upward and
to the rear. Under nominal conditions the spent stage woula have crossed
the 2134 meter safe clearance distance at about 110 seconds after
separation and it would have been 4118 meters from the SWS at the nominal
safing time of 210 seconds.

The actual delta velocity of 18.82 m/s was about 1.1 meters/second less
than the nominal value but the nominal safing time was about 4 seconds
later than predicted. The net result as shown in Fiqure 9-18 was that
the separation distance at the safina time was 3991 meters rather than
the 4118 meter nominal value. In any case, there was an adequate margin
of safety over the minimum allowable value ot 2134 meters. If the S-II
‘nterstage had separated properly, the S-II/SWS separation distance at
the safing time would have been 4364 meters using the actual retro motor

performance and a safing time of 214 seconds after separation.

9-26




HORIZONTAL OISTANCE, m

0 1000 2000 3000 4000 5000
8000 1 1 | I 1
2000 |
6000
"N, MINIMUM SAFING
N\ DISTANCE
N 2134m
4000 (7000 ft)
- N
L e
1000 |w
. |2
" 41 e
g 2 2000 A
° 1] 3 £ FROM SEPARATION (SEC) 7 .‘:_, PREDICTED—
N Z = T 60 9o -\ 120] 150 180 S-11 SAFING DISTANCE
S < ] SKYLAB Y D kg =n-1 '
z o ’_? L ) ACTUAL <2 oat’ 245
o = Or B
s _;:. | e
BIRECTION OF “ MORIZONTAL DISTANCE, ft ‘o@{qb
ORBITAL MOTION 2 | | -1 3
~2000 \ SAFING SAFING SAFING
TIME (SEC) | DISTANCE (ft) | DISTANCE (m)
1000 L PREDICTED 210. 13,510. 4118
ACTUA 214, .094,
4000 b— CTUAL 13,09 3991
0 2000 4000 8000 10,000 12,000 14,000 16,000 18,000

HORIZONTAL DISTANCE, ft

Figure 9-18. S-i11 Distance Pelative to Skylab at S-IT Safina




SECTION 10
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM

10.1 SUMMARY

The SA-513 launch vehicle electrical systems performed satisfactorily
throughout the required boost and orbital phases. The Emergency Detec-
tion System (EDS), in an open loop confic .ration, functioned nrooerly.
The operation of the batteries, power supplies and switch selectors

were normal., All Exploding Bridge Wire (EBW) firing units performed nor-
mally including the S-II second plane separation EBW firing urits, which
reacted as expected during the S-II interstage separation anomaly.

10.2 S-1C STAGE ELECTRICAL SYSTEM

The S-IC stage electrical system performance was satisfactory. Battery
voltages were within performance limits of 25.5 to 32.0 V during powered
flight. The battery currents were near predicted and below the maximum
limits of 50 amperes for each battery. Battery power consumption was
within the rated capacity of each battery, as shown in Table 10-1.

Table 10-1. S-IC Stage Battery Power Consumption

POWER CONSUMPTION*
BATTERY %ﬁ?zg AMP-HR P
Operational 8.33 41N 49.4
Instrumentation 8.33 5.68 68.1

*Calculated from battery activation to end of telemetry (at 517.4
seconds).

The two measuring power supplies remained within the required 5 +0.05V.
A11 switch selector channels functioned as commanded by the Instrument
Unit (IU) and were within required time limits.

The separation and retro-motor EBW firing units were armed and triggered

as programmed. Charging time and voltage characteristics were witiiin
performance limits.
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The rarge safety command system EBW firing units were in a state-of-
readiness for vehicle destruct, had it been necessary.

10.3 S-T1 STAGE ELECTRICAL SYSTEM

The stage electrical power system was unchanged from previous flights but
electrical control circuits were incorporated for orbital safing of stage
pressure vessels. Redundant switch selector commands were also added to
igcrease the reliability of the separation systems (reference Appendix
B).

The S-11 stage electrical system performed setisfactorily. All battery
and bus voltages remained within specified limits throughout the flight
and safing operatiorns. Instrumentation bus power was available well
beyond the minimum predicted battery 1ife to monitor S-II stage safing
parameters. All bus currents remained within predicted limits. Main
bus current averaged 30 amperes during S-IC boost and varied from 43 to
51 amperes during S-1I boost. Instrumentation bus current averaged 22
amperes during S-IC and S-I1 boost. Recirculation bus current averaged
87 amperes during S-IC boost. Ignition bus current averaged 30 amperes
during the S-II ignition sequence. All battery temperatures remained
within predicted limits.

Battery power consumption and the rated capacity of each battery are
shown in Table 10-2.

Table 10-2. S-II Stage Battery Power Consumption

RATED POWER CONSUMPTION
BATTERY CAPACITY AMP-HR PERCENT OF
(AMP-HR) CAPACITY
Main 35 50.30% 144
Instrumentation 35 51.80* 148
Recirculation #1 30 11.53** 38.4
Recirculation #2 30 11.57%* 38.6

*Calculated from battery activation until end of data (at 3960 and
7440 seconds for Main and Instrumentation batteries, respectively).

**Calculated from battery activation until the batteries were
electrically disconnected at time of S-1I second plane separation.
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A1l switch selector channels functioned as commanded by the IU. AIll
stage safing functions were performed satisfactorily. The LH recir-
culation pump inverters operated properly.

The range safety comma:id system EBW firing units were in the required
state-of-readiness for vehicle destruct, had it been necessary.

The non-propulsive vent EBW firing units which were added to SA-513 for
S-1I safina purposes performed satisfactorily.

A1l EBW firing units for the stage separation systems performed satis-
factorily including the S-II second plane separation units (1A and 1B).
Evaluation of the second plane separation EBW firing units arm and dis-
charge characteristics has established that these units did not contribute
tostge interstage separation anomaly discusced in Section 9, Paragraph
9.5.2.

The primary EBW Unit 1A fired upcn command resulting in only partial pro-
pagation due to the damaged Linear Shaped Tharge. This propagation pro-
vided sufficient physical separation of the interstage to cause dis-
connect of the interstage interfacing connectors and interrupt of the
firing command to the backup EBW Unit 1B. Thus, electrical signals were
generated, which were typical of the ncrmal separation sequence and gave
no indication of an anomalous interstage separation.

The normal separation sequence was initiated with the charging of EBW
firing unit 1A and 1B following switch selector commands at 183.217 and
183.317 seconds, respectively. Firing of aft interstage separation EBW
Unit 1A was then commanded at 189.917 seconds. This firing resulted in
electrical disconnect of the interfacing connectors at some time between
189.927 and 190.009 seconds. Firing command to the backup EBW firing
unit 1B was issued by the switch selector at 190.017 seconds.

10.4 INSTRUMENT UNIT ELECTRICAL SYSTEMS

The IU electrical system remained essentially unchanged from previous
flights except for the incorporation of a heater across the 6D20 battery
to increase its load and thereby ensure its passivation (reference
Appendix B, paragraph B.4.1).

The IU electrical system functioned normally. All battery vritages and
currents remained in the nominal range until battery depletion. Battery
temperature rise was nominal based on available data. Battery voltages,
currents and temperatures are shown in Figures 10-1 through 10-4. Bat-
ter¥ power consumption and rated capacity for each battery are shown in
Table 10-3.

Current sharing cf the 6D10 and 6D30 batteries, to provide redundant power
to the ST-124M, was satisfactory throughout the flight. Current shar-

ing reached a maximum of 22 amperes and 26 amperes from the 6010 and 6030
battery respectively during the S-IC burn as compared to an average of
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Table 10-3.

IU Battery Power Consumption

POWER CONSUMPTION
BATTEY CAPACLTY PERCENT OF
(AMP-HR) AMP-HR CAPACITY
6010 350 231.84%*+ 66.2
6020 350 212.72+ 60.1
630 350 381.52%* 109.0
6040 350 375.10%+ 102.8

*Zalculated from activation to the loss of telemeiry at 67,620
seconds).

**Calculated from activation until battery voltage decayed below
26.0 V (at 64,987 and 42,503 seconds for batteries 6D30 and 6D40,
respectively.)

***lalculated from activation until loss of current data at 46,374
! secondg. Ba?;ery voltage indicated depletion at 65,88C seconds
. Ce Ttore 1.

18 amperes and 21 amperes (see Figures 10-1 and 10-3).

The 56 volt power supply maintained an output voltage of 56.1 +0.5 V
which is well within the requirec t.lerance of 56 +2.5 V.

The 5 volt measuring power supply performed nominally, maintaining a
constant voltage within specified tolerances.

The switcn ~lector, electrical distributors and network cabling per-
formed nominally during the boost and orbital phases.

10.5 SATURN V EMERGENCY DETECTION SYSTEM (EDS)

The EDS was flown in an open loop configuration with all abort signals
being inhibited. The system was monitored for vehicle performance para-
meters during the boost phase. All discrete indications for EDS events
functioned normally. The performance of all thrust OK pressure switches
and associated voting logic which monitors engine status was nominal.

The Q-Ball, which sensed maximum dynamic pressure differences on previous
Apollc flights, was not employed on this flight (see Appendix B).

As noted in Section 9, none of the EDS rate gyros gave any indication

of angular overrate in the pitch, yaw or roll axis.
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SECTION 11
VEHICLE PRESSURE ENVIRONMENT

1.1 SUMMARY

The S-IC base heat shield was instrumented with two differential
pressure measurements. The SA-513 flight data show trends and magni-
tudes similar to the Apollo flight data.

The SA-513 S-1I base region contained three absolute pressure measurements.
The measurement on the aft face of the heat shield showed a similar trend
and magnitude to Apollo flight data. Measurements on the forward face

of the heat shield and thrust cone surface agreed with Apollo flight data
up to the time of second plane separation. Following the time of second
plane separation, however, the data from these measurements remain

at a higher level than that seen during the Apollo flights. These higher
levels, along with other anomalous data led to the conclusion that

the S-IC/S-1I interstage had failed to separate.

S-11 forward skirt pressure showed a more rapid decrease in pressure £
than was expected after 67 seconds, indicating a leak in that area pro- 3
bably caused by damage from debris resulting from the loss of the meteoroid :
shield.

1.2 BASE PRESSURES

11.2.1 S-IC Base Pressures

The base heat shield of the SA-513 S-IC was instrumented with two
differential (internal minus external) pressure measurements, D0046-106
and D0047-105. The flight data, Figure 11-1, show similar trends and
magnitudes to Apollo flight data. The maximum differential pressure
was approximately 0.23 psi at an altitude of approximately 4 n. mi.,
which is well within the 2.50 psi burst and 2.75 psi crush design limits
on the S-IC heat shield.

11.2.2 S-11 Base Pressures

Figure 11-2 shows the S-II heat shield forward face pressure history

(D0150-206), the postflight analytical vaiues, and the data band from
previous Apollo flights. The postflight analytical values assume the
S-1C/S-11 interstage remained on throughout the S-II flight, as dis-

cussed in Section 9.
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From Figure 11-2, it is seen that no abrupt pressure drop occurs at
the time of interstage separation and there is no characteristic pres-
sure spike as has been observed on Apollo flights at the time of inter-
stage separation. Also, the base pressures, following interstage
separation time are an order of magnitude higher than corresponding
Apollo flight values.

The gradual pressure decay of the heat shield forward face pressure
measurement following separation time has not been seen previously
because the pressure in this area has dropped abruptly following
separation as shown in previous flight data (see Figure 11-2) and
noted above. However, the aft face measurement has shown this decay
on previous flights and it is probably caused by the reverse flow
expansion process. This effect was not accounted for in the
postflight analysis. The corresponding thrust cone pressure data
(D0187-206) is presented in Figure 11-3. Again it is seen that the
thrust cone pressures after interstage separation time are also an
order of magnitude higher than the data band of previous Apollo flight
data. Except for the gradual pressure decay in the flight data, the
postflight analysis is in good agreement.

The heat shield aft face pressure history (D0158-206) is presented in
Figure 11-4, together with the postflight analytical values, which are
based on the S-IC/S-II interstage remaining on throughout flight, and

the data band from previous Apollo flights. The analysis of the heat
shield aft face pressures is developed using semi-empirical correlation
between haat shield aft face static pressures and convective heating
rates. These correlations are based on scale model hot flow test results
and the data from previous flights. It is seen that the flight data

fall within the data band of the previous flights as expected.

On previous flights the heat shield aft face pressure drops by
approximately 0.01 psia after the time of interstage separation.
This pressure drop did not occur during the SA-513 flight. The
decay of the heat shield aft face pressure previously noted on
Apollo flights appears to be more rapid during this flight. The
postflight analytical pressure history is in agreement with the
flight measured history except for the pressure decay effect which
was not included 1n the analysis.

11.3 S-11 FORWARD SKIRT PRESSURES

The S-II Orbital Work Shop i~te: .tage compartment pressure history during
S-IC boost, which was measurad by pressure transducer D0163-219, is

shown in Figure 11-5. Also included in the figure is the analytically
determined postflight prediction which is based on the postflight
trajectory used in conjunction with a lccal flow properties program and
a multiple chamb~r venting program.

1-4
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The figure shows that the measured and predicted pressures agree quite
well until about 67-68 seconds into the flight when the measured pres-
sure starts falling more rapidly than expected. From about 85 to 100
seconds, the measured pressures are about 0.75 psi less than the post-
flight analytical values. This difference between the measured and
predicted pressures is larger than the corresponding discrepancies
obtained on the previous Apollo Saturn V launches.

The sudden change in the slope of the measured pressure decay curve at
67-68 seconds suggests an increase in vent area at about this time. An
analysis was conducted to determine possible size and location of this
anomalous vent area. It was found that the measured internal pressure
could be matched by adding more vent area to either the S-II/OWS frustum
or the S-1I forward skirt. The use of an equivalent vent area of
approximately 288 inl at vehicle station 2604 (frustum) or 108 in? at
vehicle station 2507 on the S-II forward skirt, assumed to open at 68
seconds into tnhe flight, closely matches the measured data, as shown

in Figure 11-5. Note that the added vent area could be the sum of
several small holes or one larger hole. Also, the locations assumed in
the analysis are not the only possible ones. This would indicate a qood
probability that skin damage from OWS debris (reference Section 17).

The greater than expected pressure levels measured on the forward face
of the heat shield and thrust cone surface following the time of S-II
second plane separation are indications that the S-IC/S-II interstage
did not separate. This anomaly is discussed in greater detail in
Paragraph 9.5.2.

11.4 S-1C/S-11 SEPARATION PRESSURES

There are no environmental pressure measurements in the forward skirt of
the S-IC, however, since the S-I1C/S-II separation was close to nominal

the pressures in this area should be well below maximum allowable values.

The S-1I base region pressure transducer (D00158-206, see Figure 11-4)

exhibits normal response during the engine start transient, indicating

t; at the S-1I base region pressures were lower during S-I1C/S-11 separa-
tion than during full thrust operations.

TR e 00
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SECTION 12
VEHICLE THERMAL ENVIRONMENT

12.1 SUMMARY

The SA-513 S-IC base region environment was similar to that experienced
on Apollo flights.

The SA-513 S-II base region thermal environment was expected to be
about the same as that experienced on Apollo flights. However, the
S-1C/S-11 interstage failed to separate; ccnsequently, the thrust cone
region temperatures following scheduled time of separation were
greater than experienced during Apollo flights.

Aerodynamic heating environments were not measured on SA-513.

Since the S-IC/S-II separation dynamics for SA-513 were nominal, the
heating rates to the S-IC forward dome and S-II base area during
separation were well below maximum allowable values.

12.2 S-IC BASE HEATING

The S-IC base region thermal environments for the SA-513 flight were
indicated by two total calorimeters and two gas temperature probes
located on the base heat shield. The sensing surface of the total
calorimeters (C26-106 and C149-106) were mounted flush with the aft
surface of the heat shield. The gas temperature sensing surfaces
were mounted at 0.25 inch (C50-106) and 2.50 inches (C52-106) aft

of the heat shield surface. Data from these instruments are compared
with Apollo flight data and are presented in Figure 12-1 and 12-2.

The SA-513 S-IC base region environments have trends and magnitudes
similar to Apollo flight data. Ehe maximum recorded total heating
rate was approximately 24 tu/ftc-sec and occurred at an altitude

of 11 n mi, and the maximum gas temperature was approximately 1718°F
recorded 2.5 inches aft of the heat shield at an altitude of 11 n mi.
In general, center engine cutoff (CECO) produced a spike in the
environmental data with a magnitude and duration similar to that
seen in Apollo flight data.

Ambient gas temperatures under the engine cocoons (monitored by

€0242-101 through 70202-105) were within the band of previous Apollo
flight data. These temperatures are shown in Figure 12-3.

12-]
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12.3 S-11 BASE HEATING

The SA-513 S-11 base region thermal envircnment was expected to be the same
as that experienced during the Apollo flights. The heat shield aft face
total heating rate (C0722-206) measured during the S-II flight is presented
in Figure 12-4 together with the post-flight analytical values, based on
wind tunnel data and post-fiight trajectory, and the data band of previous
Apollo flights. It is seen that prior to CECO the flight heating rates fall
slightly below the data band of the Apollo flights, and considerably below
the post-flight analytical values. The heating rate increase at CECO
during this flight was greater than that noted on previous flights. This
could be due to the S-I{/S-II interstage remaining on throughout the S-II
flight (see paragraph 9.5.2, Controls and Separation) which affects the
center-engine-out reverse fiow pattern and hence the heat shield heating
rates.

The S-1I heat shield aft side gas recovery temperature (C0731-206) flight
history is presented in Figure 12-5 together with the post-flight analyt-
ical output. The previous Apollo flight data band is also shown for
comparison. It is seen from the figure that the probe indicated tempera-
tures are in agreement with the Apolio flight data prior to CECO. Because

12-4
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of the longer period between CECO and the Engine Mixture Ratio (EMR) shift
on 5A-513, the indicated temperatures during this period fall on the high
side of the Apollo flight data band.

The heat shield aft side gas temperature was 1265°F, 1520°F, and 1460°F
prior to CECO, after CECO and after EMP shift, respectively. These values
are about 200°F higher than the corresponding average values experienced
during the Apollo flights.

Figure 12-6 presents the SA-513 flight and post-flight analytical values of
the radiometer (C0692-206) indicated radiative heat flux to the heat shield
aft face. Also shown is the post-flight analytical values of the actual
incident radiative heat flux at the same location. It is seen that the
SA-512 flight radiometer output falls on the low side of the Apollo flight
data band. The discrepancy between the radiometer indicated output and

the incident radiative heat flux is due to the heating of the radiometer
quartz window by convection and long wave plume radiation with the result
that the radiometer sensor receives additional heat from the quartz window
by radiation and convection across the air gap between the window and the
sensor.

There were no structural temperature measurements on the base heat shield.
In order to evaluate the structural temperatures experienced on the aft
surface of the heat shiel4, a maximum post-flight predicted temperature
was determined for the aft surface using maximum post-flight predicted
base heating rates for the SA-513 flight. The predicted maximum post-
flight temperature was 983°F which is comparable to the maximum post-flight
temperatures predicted for Apollo flights, and was well below the maximum
design temperature of 1460°F for no engine out and 1550°F for one control
engine out. However, all three thrust cone forward surface temperature
measurements were considerably higher than recorded on previous Apollo
flights. The maximum temperature recorded by any of the three thrust cone
forward surface temperature transducers was by measurement C0241-206 (see
Figure 12-7) which exceeded the upper measurement limit of 150°F. Extra-
polation of the recorded data indicates a maximum temperature of about
165°F at the time of S-II outboard engine cutoff. The maximum temperature
recorded on Apollo fiights was 30°F. The thrust cone forward surface tem-
perature measurements were not located in the region of maximum base
heating, and a post-flight analysis was conducted to predict the maximum
SA-513 thrust cone temperatures with interstage-on. The maximum predicted
temperatures for SA-513, shown in Figure 12-8, were calculated using post-
flight predicted base heat rates, and are in the same range as the maximum
allowable temperatures for a factor of safety of 1.0 indicating a marginal
structural capabiiity for the thrust cone.

S-11-13 measured heat shield curtain forward gas temperatures closely
followed the upper range of previously recorded flight data up to S-II
interstage separation time. Two of the five measurements are shown in
Figures 12-9 and 12-10, indicating a continued rise until CECO rather than
a sharp decrease after the scheduled interstage separation event. A

12-6
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Figure 12-10. S-II Engine Compartment Gas Temperature (C676-206)

typical engine actuation system reservoir oil tenmperature is shown in
Figure 12-11, also showing a more rapid increase than on previous flights.
This base environment is attributed to the failure of the S-II interstage
to separate (see paragraph 9.5.2).

The greater than expected temperatures measured in the engine compartment
following the time of S-II second plare separation are indications that

the S-IC/S-II interstage failed to separate. This along with other support-
ing data is presented in paragraph 9.5.2 with the conclusion that S-I1C/S-I1
interstage separation did not occur.

12.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT

Aerodynamic heating environments were not measured on the SA-513 S-IC stage.
The trajectory for SL-1 was slighktly different than that for the Apollo
lights which causes the aerodynamic heating environments to be less severe.
Ground optical data were not available to measure plume induced flow separa-
tion (PIFS) because of cloud interference. An estimate of the forward
point of flow separation based on Apollio 7light data adjusted to the SA-513
flight trajectory is shown in Figure 12-12. This estimate shows the flow
separation point to be farther up the vehicle au equivalent Apollo flight
times because of the different trajectory. The step function change in the
forward point of flow separation at CECO occurs later in flight for SA-513

12-9
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than on Apollo flights, as shown in Figure 12-12. It is to be expected
that PIFS heating would be slightly more severe than that experienced on
Apollo because the exposure to this environment was about six seconds

longer. :

12.5 S-IC/S-I1 SEPARATION THERMAL ENVIRONMENT

T BRI Y a S PR i B Bttt Beed ¢ R R AL R e r

Post-flight reconstruction of the S-IC/S-1I separation (see paragraph
9.5.1) indicates a .lower separation than the nominal prediction but
within the 3-sigma band. The pressure and heating environments of the
S-1C LOX tank dome should, therefore, be slightly higher than the pre-
flight nominal predictions but less than the 3-sigma values and within

the design limits. Since there are no environmental measurements in this
area on the flight vehicle, no further analysis of the staging environment
is planned for this flight.

The S-1I base region heating rate transducer (C0722-206, see Figure 12-4)
exhibits normal response during the engine start transient, indicating
that the base region thermal environment is less severe during S-I1C/S-II
~eparation than that corresponding to nominal flight conditions.

12-11/12-12
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SECTION 13
ENVIRONMENTAL CONTROL SYSTEMS

13.1 SUMMARY

The S-IC stage forward compartment and aft compartmcnt thermal environ-
ments wei'e adequately maintained throughout the launch countdown and S-IC
boost phase.

The S-1I stage engine compartmert conditioning system maintained the
ambient temperature and thrust cone surface temperatures within design
ranges throughout the launch countdown. The system also maintained an
inert atmosphere within the compartment.

The IU stage Environmental Control System (ECS) exhibited satisfactory
performance for the duration of the IU mission. Coolant temperatures,
pressures, and flowrates were continuously maintained within the required
ranges and design limits.

13.2 S-IC ENVIRONMENTAL CONTROL SYSTEM

The S-IC ECS performance was satisfactory and maintained temperatures
within the required limits during launch countdown and S-IC boost.

The most severe prelaunch forward compartment thermal environment typically
occurs during J-2 engine chilldown. The lowest ambient temperature measured
during SA-513 J-2 engine chilldown was -83.2°F. The lowest temperature
measured during the flight was -130°F at instrument location C206-120.

The aft compartment environmental conditioning system performed satisfac-
torily during countdown. After the initiation of LOX loading, the
temperature ?IZKIO) in the vicinity of the batteries decreased to 65°F
which is within the battery oualification limits of 35 to 95°F. The
temperature increased to 76°F at liftoff. Just prior to liftoff, the
other ambient temperatures in the aft compartment ranged from §9.8°F at
measurement C203-115 to 82.4°F at measurement C205-115. During flight,
the lov]vest temperature recorded was 52.7°F and was at measurement
C203-115.
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13.3 S-11 ENVIRONMENTAL CONTROL

The engine compartment conditioning system maintained the ambient temperature
and thrust cone surface temneratures within desion ranges throughout the
Taunch countdown. The system also maintained an inert atmosphere within the
compartment as evidenced by the absence of Hp or 02 indications on the
haza~dous aas monitor.

The ambient temperature measurements external to the equipment containers
indicated that temperatures within the containers were satisfactory and
since there were no problems with the equipment in the containers, it is
assumed that the thermal control system performed adequately.

13.4 IU ENVIRONMENTAL CONTROL

The IU Environmental Control System (ECS) performance was satisfactory and
maintained temperatures, pressures and flowrates within the required limits
for the duration of the IU mission.

13.4.1 Thermal Conditioning System (TCS)

Performance of the TCS was satisfactory throughout the mission, including
modifications made because of the absence of an S-IVB Staae on this flight
(Ref. Appendix B). The temperature of the liquid coolant supplied to the
coldplates and internally cooled components was continuously maintained
within specification limits of 45° to 68°F for the required IU lifetime.

Sublimator performance parameters for the initial cycle are presented in
Fiqure 13-1. The water suoply valve opened as proqrammed, approximately
350 seconds after lift-off. The initial openina was delayed from the
180-second time, used on all previous vehicles to allow the pressure within
the IU compartment to decay to the level necessary for proper sublimator
start-up. This level occurs later because of the additional volume of gas
in the compartments joined to the IU in the Skylab configuration which must
exhaust through the same vent area. Sianificant cooling from the sublimator
was not evident until about 675 seconds after lift-off, at which time the
coolant supply temperature began to decrease rapidly. At the first thermal
switch samplina (650 seconds) the coolant temperature was still above the
actuvation point, hence the water supply valve remained open. The second
switch sampling occurred at approximately 950 seconds and the water valve
was closed by switch selector command as programmed.

Effective with IU-513 and IU-.14, the Ground Support Cooling Unit (GSCU)

is shut down 47 seconds prior to launch by the Terminal Count Sequencer.
This was reflected, as shown in Figure 13-1, by an initially rapid increase
in coolant supply temperature (C15-601) from the stabilized pre-shutoff
value, followed by a more gradual increase through liftoff and the first

60 seconds of flight. This event is similar to that initiated at umbilical
separation (lift-off) on all previous flights and does net, in itseif,
result in a significant change in overall system temperature levels. The
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combination of early GSCU shut-off and delayed water valve opening more
thar doubled the interim period of no active cooling on SL-1, but system
temperature response was moderate and withi~ the conservative predictions.

figure 13-2 shows temperature control parameters over the total time span
for which data has been receiveu. Sublimator cooling was nominal and the
coolant control temperature (C15-601) was maintained within the allowable
range of 45 to 68°F through 36,000 seconds. At approximately 35,640 seconds
the LVDC logic controlling water supply valve operation was inhibited by
DCS command with the valve in the open position. This resulted in the
valve remaining open and continuous operation of the sublimator. This
event was undertaken based on a real-time decision to attempt to extend

the IU operating lifetime. In the nominal case, a major restriction in
operational lifetime of the IU is over-heating of the electronic components.
This occurs when coolant circulation ceases due to 6D40 battery depletion.
By forcing the sublimator to operate continuously prior to this time a
"subcooling" effect is achieved, and thus when circulation does cease, the
time to reach an over-heated condition is extended.

The average system heat load on IU-513 was sianificantly higher than on
previous missions. This was due primarily to the solar inertial attitude
and resulted in more frequent sublimator cycling 2nd increased water
consumption. A lack of sufficient data prevents an exact determination,
but it is estimated that the average net system heat load in orbit was
approximately 2.4 kilowatts. The total mass of water consumed through the
operating lifetime of the TCS is similarly estimated to be 120 pounds.
Water accumulator capacity at lift-off is about 145 pounds, leaving an
estimated residual of 25 pounds.

Hydraulic performance of the TCS is indicated by the parameters shown in
Figure 13-3. Operation was nominal with system flowrate and pressure
relatively constant through 42,000 seconds. At this time, output from the
battery powering the pump began to decay through normal depletion, causing
a corresponding decrease in pump outlet pressure and flowrate. Fluid
circulation ceased altogether at approximately 48,600 seconds when the
pump outlet pressure becomes equ2'! %: that at the pump inlet.

The TCS GN2 supply sphere pressure decey, which is indicative of GNp usage
rate, was normal and is presented in Figure 13-4,

TCS pressurization as indicated by the coolant pump inlet pressure, D24-601,
was maintained at the required level of 16 +0.5 psia through 67,000 seconds,
at which time the inlet pressure to the Fi rst Stage regulator had decayed
to less than 200 psia.
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13.4.2 Gas Bearing System Performance

Gas Bearing System (GBS) operation wac nominal throughout the IU-513
mission. Figure 13-5 shows platform pressure differential (D11-603)

and internal ambient pressure (D12-603). The differential pressure
remained constant and within specification limits through 56,000 seconds.
In the 56,000 to 60,000 second time frame both differential and ambient
(reference) pressures began to decay as expected as a result of GNp
depletion. At this time the supply pressure to the gas bearing regulator
dropped below the minimum level for proper operation of the requlator
(300 psia). The GBS GN, supply sphere pressure decay is depicted in
Fiqure 13-6. GNy consumption was as expected.

13.4.3 Component Temperatures

A1l component temperatures remained within expected ranges through~ -t
the primary mission {Figures 13-7 and 1:-8) and .atil loss of coolant
circulation. As stated previously, continuous sublimator operation

was initiated at about 35,640 seconds to "<ubcool" t:e electronics

and thus extend the operational lifetime. This cperation was success-
ful in lowerina component temperatures as shown in Figures 13-7 and
13.8. The lower temperatures were maintained untii loss of irculation,
whereupon the components generally began an immediate and continued
temperature increase until eventual loss of system power. The component
temperature profiles during this period of no active cooling are
virtually the same as was observed previously on S-IU-508 under the

same general circumstances.
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SECTION 14
CATA SYSTENS

14.1 SUMMARY

A1l data systems performed satisfactorily throughout the flight.
Flight measurements from onboard telemetry were 99.7 percent reliable.

Telemetry performance was satisfactory and no hardware anomalies were
observed during any phase cf the Skylab (SL)-1. Radio Frequency (RF)
propagation was satisfactory, thouch the unusal interference due to
Tlame effects and staging was experienced. Usable Very High Frequency
{VHF) data were received until 67,620 seconds (18:47:00). Signal
strength variations coincident with the 63-second anomaly were observed.
The Secure Range Safety Command Systems {SRSCS) on the S-IC and S-1I
staaes were ready to pc:iorm tneir functions properly, on command, if
flight conditions during launch phase had required destruct. The
system properly safed the S-II destruct system on a command transmitted
shortly after completion of powerad flight (589 seconds). The perfor-
mance of the Command and Communicatiors System (CCS) was satisfactory
from 1iftoff through 151,200 seconds (42:40:45). Good tracking data
were received from the C-Band radar, with Hawaii (HAW) indicated last
record of interrogation at 16,915 seconds (4:41:55). In general,
ground engineering camera coverage was good; however, there was no
coverage of the 63 secend anomaly because of cloud coverage.

4.2 VEHICLE MEASUREMENT EVALUATION

The SA-513 launch vehicle had 1093 measurements scneduled for flight;
one measurement was waived prior to start of the autcmatic countdown
sequence leaving 1092 measurements active for flight. Three measure-
ments failed during flight, resulting in an overall measurement system
reliabiiity of 99.7 percent.

A summary of measurement reliability is presented in Table 14-1 for

the total vehicle and for each stage. The waived measurements, failed
measurements, partially failed measurements, and questionable measure-
ments are listed by stage in Tables 14-2, 14-3 and 14-4. None of these
listed failures had any significant impact on postfiight evaluation.

14.3 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION

Performance of the seven VHF telemetry links provided good data from
liftoff until battery depletion. Data degradation and drcpouts were

14-1



Table 14-1. SA-513 Measurement Summary

MEASUREMENT S-I1C S-11 INSTRUMENT TOTAL
CATEGORY STAGE STAGE UNIT VEHICLE
Scheduled 294 571 228 1093
Waived 0 1 0] 1
Failed 1 1 1 3
Partial 0 2 0 2
Failed
Questionable 0 1 0 ]
Reliability, 99.7 99.8 99.6 Ja.7
Percent

experienced at various times during launch and earth orbit as on
previous flights, due to the attenuzt'cn of RF signals. Signal
attenuation was caused by S-IC stage flame effects, S-IC Center
Engine Cutoff (CECC) and retro-motor effects at S-1C/S-II separation.
The main engine flame effect was very prominent from 100 to 126
seconds and was observed earlier than on previous Saturn V launches.
Flame attenuation, combined with the relatively bad look angles at
Merritt Island Launch Area (MILA), caused an unexpected, long data
dropout from 111.7 to 117.5 seconds. Flame attenuation effects
were much less severe at Central Instrumentation Facility (CIF).

The effects at 5-IC/S-1I separation and S-II engine start resulted
in approximately 1.2 seconds of data dropout. Flame impingement

on the jettisoned S-II aft interstage has produced signal dropout

in all previous Saturn V launches. This expected signal deviation
did not occur because the S-II aft interstage did not separate
(reference Paragraph 9.5.2).

The performance of the S-II VHF telemetry systems was normal through
second revolution. The performance of IU VAF telemetry systems was
normal during the entire earth orbit operation. A summary of avail-
able VHF telemetry coverage showing Acquisition of Signal (AOS) and
Loss of Signal (LOS) for each station is shown in Figure 14-1 and
Figure 14-2. The last VHF telemetry data was received at approxi-
mately 67,620 seconds (18:47:00) at Madrid (MAD).

14.4 C-BAND RADAR SYSTEM EVALUATION

The C-Band radar subsystem operated satisfactorily during this mission
with the only problems experienced occurring in the ground stations. /.
summary of the C-Band radar coverage showing A0S and LOS for each
station is shown in Figure 14-3.

e
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Table 14-2. SA-513 Flight Measurements Waived Prior to Flight
MEASUREMENT
NUMBER MEASUREMENT TITLE NATURE OF FAILURE REMARKS
S-11 STAGE
D012-201 €1 Helium Regqulator Measurement read ambient pressure Waiver NR 13-1
Outlet Pressure in the low RACS mode rather than
ambient plus 1 VOC.
Table 14-3. SA-513 Measurement Malfunctions
TINE OF
FAILURE DURATION
MEASUREMENT ( RANGE SATISFACTORY
NOBEF MEASUREMENT TITLE NATURE OF FAILURE TI™E) OPERATION REMARKS
MEASUREMENT FAILURES, S-1C STAGE
C003-102 Temperature, Turbine Measurement pegged of f Liftoff 0 Seconds Probable transducer
Manifold, Engine 2 scale high failure
MEASUREMENT FAILURES, S-11 STAGE
€339-206 Normal Vibration No response Liftoff 0 Seconds Probable aopen
Thrust Cone coaxial cable
MEASUREMENT FAILURES, INSTRUMENT UNIT
21-601 Acowstic, Flush No output except noise Prior to | O Seconds | Probable open circuit
NTG during periods of 1iftoff in cable or comnector
vibration
PARTIAL MEASUREMENT FALLURES, S-11 STAGE
004202 €2 LOX Turbine Neasurement pegged off 264 Prior to Probable transducer
Inlet Temperature scale high seconds 264 seconds | failure
6007-203 E3 Wydrawlic Reasurement pegged of f o4 Prior to Probable tranmsducer
Reservoir Piston scale low seconds 484 seconds | faflure
Position
Table 14-4, SA-513 Questionable Flight Measurements
e | measumevent TInE REASON QUESTIONED REMARKS
S-11 STAGE
0001-204 €4 Fuel Pump Changed by 1/2°F over an 8 23 of full scele
Discharge Temperature second period after 285
seconds. Did not reflect
engine performance.
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Figure 14-1,
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Table 14-5, SA-513 Launch Vehicle Telemetrv Links
LINK ‘?ﬁﬂgﬁ"" MODULATION | STAGE (aiké§"¥xiif‘2?c) PERFORMANCE SUMMARY
AF-1 256.2 Fr/FM S-1C 0 to 517.4 Satisfactory
AP-1 2443 PCM/FM S-1C 0 to 517.4 Data Dropouts
Range Time (sec) Duration (sec)
X 97.2 .2
142.2 .9
163.2 .8
BF-i 241.5 FM/FM s-11 0 to 7461 Satisfactory
BF-2 234.0 FM/EM S-11 0 to 7461 Data Dropouts
8P-1 248.6 PCM/FM S-11 0 to 7461 Range Time (sec) Duration (sec;
161.9 1.2
OF-1 250.7 M/FM 1u 0 to 67,620 Satisfactory
oP-1 245.3 POM/FM v C to 67,620 Data Dropouts
Range Time {sec) Duration (sec)
1n.7 5.8

Phase front disturbances were experienced at the Cape between 300 and
400 seconds, at Grand Bahama Island (GBI) between 300 and 733 seconds,

and at MILA between 300 and 690 seconds.

Phase front disturbances

have been experienced during boost on almost all previous missions.
They occur when the pointing information is erroneous as a result of

sudden antenna nulls or distorted beacon returns.

Telemetry deta showed that several ground stations interrogated the trans-

ponders during boost.

However, according to the telemetry data and

ground station logs, radar contacts after Bermuda (BDA) LOS at 885

seconds were in the skin track mode with the exception of third revolu-

tion from 16,600 seconds *o 16,915 secords when HAW used bcacon tracking.
The transponder operated normally during the HAW track.

14.5

SECURE RANGE SAFETY COMMAND SYSTEMS

Telemetered data indicated that the command antennas, receivers/decoders,
Exploding Bridge Wire (EBW) networks, and destruct controllers on each

powered stage functioned properly during flight.

They were in the

required state-of-readiness if flight conditions during the launch had

required vehicle destruct.

Since no arm/cutoff or destruct commands

were required, all data except receiver signal strength remained

unchanged during the flight.

The S-T1 range safety receiver signal
strength measurements indicated that each receivers went out of satura-

tion twice between 260 and 270 seconds and receiver Number 2 went out

again at 520 seconds.

However, because of the redundant nature of the

range safety system, the system was in the reqguired state-of-readiness
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if flignt conditions durinag the launch had required vehicle destruction.
Power to the S-11 c<tage range safety command systems was cutoff shortly
after completion of powered flight by grcund command, thereby deactivat-
ing {safing) the systems.

14.6 COMMAND AND COMHUNICATIONS SYSTEM EVALUATION
14.6.1 Summary of Performance

The CCS data indicate excellent performance of the onboard subsystem. No
flight equipment malfunctions occurred during the flight. Ground station
coverage times through CCS battery depletion are shown in Figure 14-4.

Events occurring during boost caused a degradation of the CCS received
signal strength at MILA as expected. S-IC stage flame attenuated the
signal from 94 to 126.5 seconds. The minimum signal strength during
this period was -105 dbm. S-IC CECO caused a drop in received signal
strength from 142 to 144 seconds with the minimum value beirng -107
dbm. Very sl ght, (almost negligible) signal fluctuations w2re noted at
160 seconds during S-IC/S-11 separation and retro-motors burn.

These fluctuations were much less severe than experienced on previous
flights because of the higher altitude at the time of occurrence. The
usual signal strength fluctuations resulting from S-1I aft interstage
separation were not discernible on this flight because the aft inter-
stage failed to separate. No dropouts occurred at MILA during launch
except during handover to BDA at 450 seconds.

The CCS was tracked until it ceased to transmit due to battery depletion.
During the entir: flight, the only dropouts occurring were at interrogat-
ing station handovers. There were several stations that received fluc-
tuating signals. These signal fluctuations appeared on both the uplink

and downlink signals and were caused by vehicle maneuvers. The most

severe signal fluctuations occurred over MAD during the first revolution
from 1245 to 1490 seconds when the vehicle was maneuvaring to solar inertial
attitude. The lowest downlink signal during this time period was -140

dbm. Although this low signal was sufficient to maintain carrier lock,
telemetry data was lost.

Five commands were transmitted and ali five ~ere accepted. A detailed
1ist of all commanas initiated by MCC-Houston is shown in Table 14.6.

14.7 GROUND ENGINEERING CAMERAS ‘
In general, grourd camera coverage was good. Forty-seven items (4§'from
fixed cameras and four from tracking cameras) were received f-om KSC

and evaluated. Two items did not operate, two items did not have coded
range time, and three items were obscuied due to frost and ice. As a
result of these seven failures, system efficiency was 85 percent. The
short range tracking cameras tracked until the vehicle was lost in clouds
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Table 14-6. Ccmmand and Communication Syvstem Commind History, SA-513

RANGE TIME NO. OF
[ sEcowos]wes:win: sec s;:ﬁé« COMMANDS wlﬂglusli REMARKS
11,037 3:03:57 HAN AN Deploy Busses Off 3 Acceptad
3,984 9:43:04 GDS Rate Measurement Switch 3 Accepted
35,549 9:52:29 TEX ECS Logic Inhibit 1 Lrcepted
46,849 | 13:00:49 HAN Terminate 1 Accepted
48,375 | 13:26:15 VAR Water Valve Open 3 Accepted

at épproximately 30 seconds. One camera reacquired the vehicle at approxi-
mately 85 seconds and tracked through 135 seconds. However, this camera
had a 40-inch focal length lens and provided little usable data. The

long range (500-inch focal length lens) tracking camera was not cperated
due to cloud coverage.

An extensive and thorough analysis was performed on all Skylab-1 engineer-
ing film. ‘ihe analysis centered around the anomaly of the meteoroid
shield being torn from the vehicle at approximately +63 seconds. Par-
ticles (debris) were first observed on engineering film item E-46 (400
frames per second) where a light colored and a dark colored particle were
tentatively identified as coming from the vehicle. The white particle

was observed and timed at 13.8 seconds for a period of 10 frames. The
dark particle was observed at 15.4 seconds for a period of 31 frames.

Subsequent analysis of other engineering film items identified numerous
particles falling from the tower. These particles were identified as
carpet, panels from swing arms, plastic bags, boxes, a loud speaker,

tape, etc. No particles were identified as coming from the vehicle
during ignition, liftoff, and flight of the Skylab-1 vehicle through the
+65 second time period that onboard instrumentation indicated the anomaly.
Uprange tracking cameras did not acquire the vehicle during the anomaly
period due to cloud coverage. Therefore, optically there was nc coverage
of the meteoroid shield anomaly.

A search of the pad area turned up items of debris such as those men-

tioned above. The debris seen falling through the camera field of view

was not a result of ground support equipment malfunction since all GSE ‘

appeared to operate satisfactorily during ignition and liftoff. {
]
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SECTION 15
MASS CHARACTERISTICS

15,1 SUMMARY

Total vehicle mass, determined from post-flight analysis, was within 1.91
percent of prediction from ground ignition through S-I11 stage shutdown.
This larger than anticipated difference was due mainly to the S-IC/S-II
large interstage not separating as expected. Had the S-II - 'age residuals
and OWS not been 4900 1bs. less than predicted, this perce e would have
been greater.

15.2 MASS EVALUATIOM

Post-flight mass characteristics are compared with final predicted mass
characteristics (MSFC Memorandum S&E-SAE-73-38)) and the operational
trajectory (MSFC Memcrandum S&E-AERO-MFT-14-73).

The post-flight mass characterisi.cs were determined from an analysis cf
all available actual and reconstructed data from S-IC ignition through
S-11/0WS separation. Dry weights of the launch vehicle are based on
actual stage weighings and evaluation of the weight and balance log books
(MSFC Form 998). Propellant loading and utilization was evaluated from
propulsion system performance reconstructions.

Differences in dry weights of the inert stages and the loaded spacecraft
were all within 0.72 percent of predicted, which was well within acceptable
limits,

During S-IC burn phase, the total vehicle mass was less than predicted by
3464 kilograms (7637 1bm) (0.11 percent) at ignition, and less than
predicted by 6465 kilograms (12253 1bm) (0.86 percent) at S-IC/S-I1
separation. These differences are due collectively to: S-IC stage dry
weight (103 1bm), S-IC LOX loading (+1866 1bm), S-IC RP-1 loading (-6956
lbmg, spacecraft (-975 1bm), S-II stiage and interstage (-1695 1bm), S-IC
residuals at separation (-10541 1bs) and loss of meteoroid shield from
OWS during S-IC flight (-1153 1bs). S-IC burn phase vehicle mass is
shown in Tables 15-1 and 15-2.
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During S-1I burn phase, the total vehicle mass was less than predicted by
1211 kilograms (2670 1bm) (0.29 perzent) at ignition, and greater than
predicted by -2758 kiloarams (6080 1bm) (1.91 pzcrcent) at S-11/0WS
separation. These large deviations in mass are due to: S-IC dry weight
(-96 1bm), S-1C/S-II large interstage dry weight (-91 1bm), S-II LOX
loading (-1604 1bm), S-1I fuel loading (+96 1bm), OWS at S-II ignition
(-2128 1bs), S-11 stage residuals at separation (-2688 1bm) and no S-IC/
S-11 large interstage separation (+10992 1bm).

Total vehicle mass for the S-II burn phase is shown in T2bles 15-3 and
15-4,

A summary of mass utilization and loss, both actual and predicted, from
S-1C staqe ignition through OWS separation is presented in Table 15-5.

A comparison of actual and predicted mass, center of gravity, and moment
of 1nertia is shown in Table 15-6.
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Table 15-3.

Total Vehicle Mass--S-I1 Burn Phase--Kilograms
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Table 15-5,

MASS +]STORY
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Table 15-6.

PR T

Mass Characteristics Comparison (Continued)
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SECTION 16
SATURN WORK SHOP SUMMARY

The Saturn Work Shop (SWS) was launched from Kennedy Space Center,
Florida at 13:30:00 Eastern Daylight Time (17:30:00 Universal Time) on
May 14, 1973. At approximately 63 seconds into the flight the meteoroid
shield structurally failed resulting in premature release of the Orbital
Work Shop (OWS) solar array wing No. 2 (refer to Section 17). S-II
stage retro motor exhaust plume impingement on partially deployed solar
array wing No. 2, at about 593 seconds, caused the wing to be torn

from the OWS.

The SWS was inserted into a near circular Earth orbit of 235 n. mi. alti-
tude at an inclination of 50 degrees. The payload shroud was jettisoned,
and the Apollo Teleszope Mount ?ATM) and its solar array were deployed

as planned during the first orbit. The OWS solar array wing No. 1
released as planned auring the first orbit but stopped after only a

few degrees of movement. This array was restrained from further move-
ment by debris from the meteoroid shield. The remainder of the planned
Skylab system activation and deployment functicns occurred as scheduled
with transfer of attitude control from the IU to the ATM at approximately
4 hours and 50 minutes.

The SWS was maneuvered into a solar inertial attitude with the solar
arrays at right angles to the Sun for maximum electrical power generation.
The work shop area temperatures then rose above operating limits due to
increased exposure to solar heat flux since the meteoroid shield was
also designed to provide themmal protection. The SWS was pitched up
toward the Sun at 13 hours into the flight to reduce the solar bheat
flux on the work shop area. This attitude further reduced the power
generation capability which had already been severely limited by the
loss of the work chop solar array wing No. 2 and the failure of wing

No. 1 to deploy. A continuous adjustment of SWS attitude was necessary
to keep the power and temperature within acceptable limits. Constraints
to raintain adequate heat in other critical areas of the Skylab and to
optimize the operation of the attitude control system in an off-nominal
mode of operation added further complications. This delicate balance
continued for approximately 10 days.

The electrical power available from the ATM solar array was further
reduced by the requirement to cycle certain power regulator modules on
and off to prevent over-heating caused by the unplanned vehicle attitudes.
Although considerably below the total design capability, power was
sufficient for the critical loads. Many components and systems were
turned off or were cycled as required to remain within the power
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generation capability. These maneuvers and attitude control during
several docking attempts caused a much larger usage of the attitude con-
trol thruster impulse capability than predicted. Surficient propellant
remained, however, for the three manned missions that were planned.

Due to the high internal temperatures that were reached in the work shop
there was concern that outgassing of some materials would be hazardous

to the crew. Prior to the crew arrival, the habitation area was depres-
surized and repressu-~ized four times to purge the internal atmosphere of
any hazardous outgassing products. This cycle was started approximately
4 days into the mission with internal pressure reduced to approximately
0.6 psia and then repressurized to 2.0 psia with nitrogen for each cycle.
The habitation ar:a was repressurized with the proper oxygen/nitrogen mix-
ture prior to the first crew entry. The crew later tested this atmosphere
and no hazardous outgassing products were found.

The SWS was originally planned to be mannc4 on May 15, 1973, the day after
launch) by the first of three astronaut .rews. The manned launch, Skylab-2
(SL-2) was delayed 10 days for analysis of the SWS thermal and electrical
power problems. This delay permitted analysis of mission impacts on

SWS, the development of special repair hardware, and the time for crew
training in repair methods. Necessary revisions to the flight plan were
also developed.

The first astronaut crew arrived at the SWS on May 25, 1973. After a
flyaround inspection and a soft docking, the crew undocked and attempted

to free the solar array wing No. 1 using special tools while standing in
the open command module hatch. This activity was not successful. A

later attempt on mission day 14 using Skylab extravehicular activity
facilities was successful in deploying the wing which subsequently operated
normally and relieved the electrical power shortage.

The thermal problem was relieved when the crew deployed a parasol sun
shade through a work shop scientific airlock. This _iso allowed the
Skylab to be returned to solar inertial attitude which increased the
electrical power output and returned the SWS to a nominal attitude control

mode.

The crew proceeded to complete the SWS activation as planned. The environ-
mental control system onerated satisfactorily; however, it was several

days before the excess hect within the cabin was removed. On mission day
11 the air temperature was down to 76.5°F which was still above the 70°F
plann2d. The SWS operated after activation approximately as planned with
some electrical power limitations until the solar array wing No. 1 was
deployed.

The exterior contamination, based on measurements available, was indicated
to be acceptable and within the ange predicted. Some visible deposition
appeared on the exterior surfaces of windows, no serious optical contami-
nation has been reported by any of the several investigators.
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The overall experiment program was executed essentially as planned
clthough twn experiments had to be cancelied because tha parasol
occupied the solar scientific airlock. Some axperiments were per-
formed using the other scientific airlock as a contingency method.
The solar experiments of the telescope mount were performed every
day subsequent to mission day 4 and a total of 11 photography passes
were made with *'.e Earth resources experiment group. An observation
cf typhoon Ava was maae on mission day 13.

The crew compieted the deactivation procedures and left the SWS on
June 22, 1973, after a stay of 28 days.
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SECVION 17
63 AND 593 SECOND ANOMALIES

17 SUMMARY

Skylab-1 Yaunch vehicle instrumentation recorded unusual disturbances at
approximately 63 and 593 seconds during flight. The first possible evidence
of anomalous behavior was an increase in S-11 stage antenna reflected power
beginning at 59.87 seconds. At 62.76 seconds the Orbital Work Shop (OMS)
film vault vibration measurement recorded a structural transient which
propagated up and down the space vehicle. At approximately 593 seconds,
immediately after S-1i/Saturn Work Shop (SWS) separation, another transient
was indicated by the IU and SWS instrumentaiion.

The cause of the transient at 63 seconds was structural failure and release
of the OWS meteoroid shield, and premature fracture of the ONS Solar Array
System (SAS) Wing No. 2 tie down fittings (mcdules), permitting Wing No. 2
to partially deploy.

The 593 second transient was caused by the partfally deployed SAS Wing No. 2
being rotated past its rully deployed position and torn from its hinges by
impingement from the S-I1 retro motor plume.

The origin of these anomalies was ¢n a unique payload and external to the
launch vehicle; therefore, no launch vehicle corrective action is necessary.

The vehicle reactad properly to the external disturbance originating at the
OWS with no significent effect except for damage to the S-11 second plane
separation system,

17.2 63 SECOND AHOMALY
17.2.1 Initial Vehicle Response

Review f data has shown the first evidence of anomalous behavior was

an increase in S-11 stage antenna reflected power (N035-225) possibly
indicating a vehicle/qround-plane shape change beginning at 59.87
seconds. At 62.76 seconds the OWS f{lm vault vibration measurement
(£7000-436) recorded a transient. This structural transient propagated
up anc down the space vehicle from the OWS as shown by the sequence of
events depicted in Figqure 17-1. The vehicle also responded to a counter-
clockwise (COW) [all attitude references are defined looking forward)
rol) torque beainnina at €2.04 seconds (see Figure 17-2), reducing the
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roll rate from .85 deg/s to .7 deg/s. This type of small roll activity has
been seer on previous flights as response to the Mach 1 (61.1 seconds)
environment and thus could be attributed to either an early indicatior. of
the anomaly or normal Mach 1 aerodynamics. If the small CCW roll torque
was related to the anomaly, it was probably due to the shield segment
between the main tunnel and the auxiliary tunnel lifting into the air
stream. The captured air fiow would be deflected toward the main tunnel
causing the observed torque. At 62.8 seconds, an abnormal clockwise torque
was applied which increased the roll rate to 2.4 deg/s. This torque was
probably due to the failing shield applying a sudden force to SAS Wing No.
2. The resultant impulse partially deployed Wing 2 and rolled the vehicle.

17.2.2 Initial Orbital Work Shop (OWS) Measurement Response

A detailed review of pertinent OWS measurements (as shown in Figure 17-3)
points to an anomalous condition occurrirg between 62.0 and 62.78 seconds in
the OWS meteoroid shield and solar array panels. The exact time is
indeterminate due to the low data sampling rate. The first indications were
loss of meteoroid shield temperature measurements C7011 and C7012. C701

was active when sampled at 61.9791 seconds and open at 62.7791 seconds.

C7012 was active when sampled at 62.08563 and open at 62.8863. These two
measurements sense the external temperature of the Meteoroid Shield (MS) a:
Positions ! and Il, respectively, as shown in Figure 17-4. The inst: umen-
tation cabling runs are shown in Figure 17-5. From the failure of temperature
measurement indication C7011 it can be assumed that the anomaly was locally
in progress no later than 62.7791 seconds. The godd readings at this time
from the MS tension straps K7010, k7011, and K7012, the SAS Wing No. 2
indication k7211, and temperature measurement C7013, indicate the disturbance
was sti)) confined to the vehicle position I/1] quadrant and that the major
failure of the MS had not begun.

17.2.3 Meteorofd Shield Structural Failure

During the time period between the 62.760 seconds OWS film vault vibration
transient and the $2.779 seconds MS temperature measurement C7011 loss, the
launch vehicle experienced no measurable transient affects from the initial
OMS disturbance and the OWS was in the configuration as illustrated by
Figure 17-6a.

At about 62.8 seconds the launch vehicle began to react to the OWS disturbance
and the major fatluve {s believed to have started. Table 17-1 presents a MS
failure event correlation summary.
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@ D166-208 ENGINE &, YAW ACTUATUR, DELTA PRESS.

®0166-201 ENGINE 1, YAW ACTUATOR, DELTA PRESS.

?

166-202 ENGINE 2, YAW ACTUATOR, DELTA PRESS.

< OM-120 S-1C FORWARD SKIRT, ACCELEROMETER, PITCH
@ AS5-120 S-1C FORWARD SKIRT, ACCELEROMETER, YAW

l 1 1 1 1 1 & 1 1 1 i i 1 1 4 4 1 1 1 1 1 )
62.7 62.8 62.9 63.0 63.1

PANCE TIME, SECOMDS CENTER RANGE TIME

Figure 17-1. Propagation of the 63-Second Transient
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TORSION RODS #2
(67027 & 29)

TORSION RODS #3

(67028 & 031)
TORSION RODS #)

(67003 & 04)
SAS WING 91—,
£2000

MAIN TUMNEL
SEQUENCE]OF EVENTS TORSION RODS #4
ez O (67030 & 033)
Pos 11 3 POS 1V

k7010, 11 & 12
TORSION RODS #8

(67005 & 06)
SAS WING #2
AUX TUNNEL TORSION RODS ¢S
(67032 & 034)
TORSION ROOS #7
(67036 & 026) TORSION RODS #6

(67035 & 037)

VIEW LOOKING FWD

ONS Instrumentation Location

Figure 17-4, OWS Instrumentation Location

(O sEQuENcE oF EVENTS
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k7012} 5=
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67006 pos | L oty 67033%/)
67034 67037 B 67026 Fos 6004 Gro29 0 673 /)5
TRUNNTON 1 AUX. TUNNEL\-MAIN TUmveL 11 tenston/ 1Y
STRAPS
TENSION STRAPS TORSION RODS TEMPERATURES
k7010 67002 67032 c7011
K7011 67004 G7034 ‘1012
k7012 67027 G7035 €7013
67029 G7037 ¢7014
SAS DEPLOY 67028 67036 “7015
e 67031 67026 (7016
ka1l 67030 G7005 (7017
67033 57006 c7018

Figure 17-5,

OWS Meteoroid Shield Instrumentation External View
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Table 17-1. Meteoroid Shield Failure Event Correlation

MOST PROBABLE
EVENT LOCAL INDICATION (SEC) Lv INDICATVION (SEC) TIME OF OCCURRENCE
First Structural 62.760-62 179 (£.7000, C-7011) Inconclusive 62.760
Response
Major Failure Begun 62.760-62 899 (£-7000, k-7011) 62.797-62.807 (S-11 EAS®, 62.800
v Roll)
front Shield 62.867-62.899 (x-7010, X-7011, 62.657-62.887 (S-T1 EAS®) 62 .882
Separated K-7012)
Shiela/ding 2 Inconclusive 62.887-62.907 (S-11 EAS®) 62.9%02
Interference
wWing 2 Aft 62.813-67.913 (k-7210) 62.907-62.937 (S-11 EAS®) 62.910
Separation
Shietd/wWing 2 Inconclusive 62.917-62.937 (S-11 EAS*) 62.925
CQleared
Event Complete 62.939-63.269 (C-7013, G-7008) 62.957-62.977 (5-11 EAS®) 62.965

*163 millisecond delay for structural iransmission of transient from Work Shop to £AS has been removed
to 2llow direct comparison of OWS and EAS data.

At 62.807 seconds the vehicle reacted to an abnormal clockwise torque which
increased the roll rate to 2.4 /s (Figure 17-2). At 62.797 seconds, the
the S-1I engine actuation system (EAS) responded to a force in the outboard
direction between vehicle positions I and II (Figure 17-4 and 17-7).

Figure 17-6b depicts the OWS configuration at about 62.8 seconds.

At 62.899 seconds the first MS tension strap (K7G11, Figure 17-3) was

indicated failed. The S-1I EAS (Figure 17-7) also indicates that the first
significant force was applied to the vehicle in au outward direction, beginning
at 62.83 seconds. The initial force peak occurred at 62.857 seconds at about
80° from Position I toward Position II. Figure 17-6¢ depicts the OWS con-
figuration at this time. It is believed that this force buildup caused

the MS to slip around the OWS, releasing the tension strap indications.

At the same time the MS began to peel away from the OWS as indicated by the
reduction in magnitude from 62.857 to 62.887 seconds and direction change from
80° toward 0° (Figure 17-7).

A closeup photograph of the OWS exterior, taken during the SL-2 CSM fly-
around, is shown in Figure 17-8. The gold coated mylar covering, which is
exposed because of the missing MS, shows surface markings that couid have been
made by circumferential movement of the MS during structural failure.

At 62.887 seconds the amplitude of the force begins to increase with the
direction changing from vehicle Position I toward Position IV. This is
probably the result of the MS continuing to peel around the OWS as depicted

in Figure 17-6d. Between 62.907 and 62.937 seconds the MS encounters the

SAS Wing No. 2 causing premature deployment. At approximately 62.925

seconds the MS cleared SAS Wing No. 2 and continued to peel toward Position
I1I. At 62.939 seconds temperature measurement C7013, located at Position III,
was still normal.

17-9
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The MS continued to peel counterclockwise around the vehicle with the force
peaking at 62.951 seconds at Position III (Fiqure 17-7). This peak was
probably due to the tearing away of 75 percent or more of the deployed MS
by the air stream. This tearing probablvy occurred between torsion rods 2
and 3. Afterwards the vehicle continued a 4 Hz damped response to the
third bending mode, which is highly sensitive to radial excitation in the
OWS area (refer to paragraph 7.2.4).

The total extent of the damage was almost certainly achieved prior to
63.289 seconds as indicated by the anomalous torque reading on aft torsion
rod #1 located between Position III and Position Il (Fiqure 17-4). The
partially deployed positions of torsion rods #1 forward (8°), #1 aft (18°)
and #2 forward (85°) at 65 seconds also indicate that the tearing occurred
around Position III and that a portion of the MS remained between Position
IIl and II, probably as a result of being entanqled with SAS Wing ho. 1,
The tearing of the shield occurring at Position III accounts for the fact
that SAS Wing No. 1 was not prematurely released as was SAS Wing No. 2.
Insufficient portions of the shield remained to apply the required force
to cause premature deplovmeit. Table 17-2 is a listing of the position of
the MS torsion rods at 65 seconds.

Table 17-3 is a sequential summary listina of events occurring throughout
the space vehicle and OWS that might be related to the 63 second anomaly.

An estimate of the disturbing forces to produce the observed IU body
mounted accelerometer measuremznt. was developed using a dynamic simulation.
The best estimate of force and total impulse which provides a simulation
match with the observed data is shown in Fiqure 17-9. This supports

Fiqure 17-7 which indicated that the peak forces started in the area of

SAS Wing No. 2. This is a tangential force located at SAS Wing No. 2 of
approximatelv 290,000 N (65,200 1bf) with a total impulse of 26,100 N-sec
(5870 1b sec). Figures 17-10 and 17-11 show a comparison of the measured
and simulated data for the pitch and yaw acceleration and the roll rate.
These figures show a good agreement between the trends of the measured data
and simulation results. Some of the differences in the pitch acceleration
appear to be due to higher modes and possibly some beating between adjacent
modes .

17.3 593 SECOND DISTURRANCE

At approximately 593 seconds, followina S-11/SWS separation, another
ttansient was indicated on the IU and OWS instrumentation. Table 17-4 is

17-12



Table 17-2.

OWS Meteoroid Shield Torsion Rod Indicated Positions

rORWARD INDTCATED POSITICN INDICATED PCSITION DESIGN POSITION WHEN
«ORSION ROL PRIOR TO 60 SEC (DEG) | AT 65 SEC (DEG) FULLY DEPLOYED (DEG)

1 0 8 148

2 0 85 145

3 Q 173 156

4 0 175 163

5 e - 163

€ 0 165 156

7 0 170 145

8 0 145 148

AFT

TORSION ROD

1 0 18 148

2 0 160 145

3 0 165 156

4 0 180 163

5 0 165 163

6 0 103 156

7 0 165 145

8 0 135 148

17-13
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Table 17-3. Sequential Summary of Events Related to CJi-Second Anomaly

TIME OF INDICATION,

ns:wg:zm EVENT, ncu::gsrg%%acmpnon o XNSFC‘M&AK m:muoc REMARKS
N034-225 | S-11 ANTENNA REFLECTED POWER IMCREASE 59.87 REFLECTED POWER INCREASED
G7008-432 | POSITION - SOLAR ARRAY SYSTEM, WING 1 60.87 7% CHANGE DOWN (1 SAMPLE ONLY)
POSITION - SOLAR ARRAY SYSTEM, WING 1 65.67 3% CHANGE DOWN (1 SAMPLL OMLY)
MACH 1 61.1
€7000-436 | VIBRATION ORBITAL WORK SHOF (OWS) FILM 62.76 63.0 +0.35 G
VAULT LONGITUDINAL
C7011-434 | TEMPERATURE - METEOROID SHIELD, CXTERIOR, | 62.78 MID T0 | PEGGED
NUMBER 1 DOWN
A2-503 "1U) ACCELERATION LONGITUDINAL 62.83 63.1 +0.07 G
A7-603 (1U) ACCELERATION YAW 62.80 63.1 +0.38 6
R6-602 ANGULAR VELOCITY ROLL CONTROL (1U) 62.80 10 SPS
£2-530 VIBRATION, X-AXIS, PAYLOAD SHROUD AT 62.81 63.1 +0.2 6
ATM ATTACH POINT
£1-505 VIBRATION, X-AXIS, STRUCTURAL TRANSITION 62.82 £3.2 +0.2 6
SECTION, AFT BULKHEAD STRINGER 23, (MOA) -
£81-219 ?:D}?I; VIBRATION FORWARD SKIRT STRINGER 62.82 63.09 +126
R4-602 ANGULAR VELOCITY PITCH CONTROL (1UV) 62.87 12 SPS
H16-603 1 ACCELEROMETER PICKUP ST-124M (1U) 62.85 63.2 +0.4°
H12-603 Y ACCELEROMETER PICKUP ST-124M (1) 62.85 62.9 +0.4°
D167-204 E'SOG;?E) 4 PITCH, ACTUATOR DELTA PRESSURE 62.85
(7012-434 | TEMPERATURE - METEOROIG SHIELD, EXTERIOR, 62.89
NUMBER 2
81-510 Agmc. INTERNAL, PAYLOAD SHROUD AT 62.93 63.C 0.004 PSTILITTLE DEVIATION FROM NORMAL

e g e

[Op———
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Table 17-3. Seauential Summarv of Events RFelated to 63-Second Anomaly (Continued)

TIvE OF INDICATION,

MEASUREMENT EVENT, WEASUREENT DISCOIPT oM o: PEAX REMARKS
NUMBER AND LOCAT10% AT T T AvPL [ TUDE
K7011-434 | EVENT . WETEORDID SHIELD, TENSION STRRP 2, | 62.90 FULL SCALE SHIFT
SECURED
£40-603 | VIBRATION, UPPER MOUNTING RING, LOCATION | 62.99 £3.2 96
21, PERPENDICILAR
K7010-434 | EVENT - METEOROID SHIELD TEwsiow sveap 1, | 62.90 FLL SCALE SMIFT
SECURFD
MI1-603 | X ACCELEROMETER PiCKUP ST.124 (]} 62.5! £1.2 0.2°
K7211-426 | EVENT - SOLAR ARRAY SHIELD WING 2, FAIRING,| €2.91 120 595
SECURED
0167-201 %ncxug 1, PITCH, ACTUATOR, DELTA PRESSIRE | 62.99 FLL SCALE SMIFT
s-11
0167-202 ENGINE 2, PITCH, ACTUATOR, DELTA PRESSURE | 62.95 120 $PS
S-11
83-219 ?cous;tc. FORWARD SAiPT BOUNDARY LAYER 62.9 63.1 .27 P
S-11
0266-206 | LOX SUMP PRESSURE (S-11) 62.96 63.06 20 psla
£361-206 | VIBRATION, ENGINE | GIMBAL PAD, 62.97 63.07 23.46
LONGITUDINAL (S-11)
£363-206 :IBRA}ION. LuX/SUMP PREVALVE, LONGITUDINAL | 62 97 63.10 85
S-11
K7012-438 | EVENT - MS, TENS STRAP 3, SECUPED 62.97 63.05 10 6 FULL SCALE SHIFY
£363-206 | VIBRATION, ENGINE 5 TMRUST PAD, 62.98

LONGITUDINAL (S-11)




Table 17-3. Seauential Summary of Events Related to 63-Second Anomaly (Continued)

MEASUPEVEN® EYVENT, MEASUREMENT DESCRITION TIME 02523235“”0"- PEAK

NUMBER AND LOCATION ST 1o, PEAK AMPL I TUDE REMARKS

0166-204 f'm"‘ 4, YAW, ACTUATOR, DELTA PRESSURE 63.00 120 SPS
s-11)

0267-201 | ENGINE 1, LOX PUMP INLET PRESSURE (S-fI) | 62.99 63.5

0166-201 %mm) 1, YA ACTUATOR, OELTA PRESSURE 63.01 61.5
s-11

A4-120 ACCELERATION, PITCH (S-1¢) 63.00 63.6 +0.42 G

RS- 602 ANGULAR VELOCITY YAW CONTROL (1U) 63.05 10 95

0166-202 Emms 2, VAW, ACTUATOR DELTA PRESSURE 63.1) 12 SPs
s-11

» 0167-203 | ENGINE 3, PITCM, ACTUATGR DELTA PRESSURF | 63.15 12 5PS
> (s-11)

€23-115 | VIBRATION, UPPER THRUST RING, LONGITU- 63.34 +8 6 NO CLEAR FIRST INDICATION.
DINAL (S-1C)

C7014-434 | TEMPERATURE - METEOROTD SHIELD, EXTERIOR, | 63.53 MID TO  |PEGGED
NUBER 4 uP

(7016-434 | TEMPERATURE - METEOROID SHIELD, EXTERIOR, | 63.63 MID T0  |PEGGED
NUMBER 6 0OWN

C7018-434 TEMPERATURE - METEOROID SHIELD, EXTERIOR, 63.69 MID TO PEGGED
NUMBFR 1 R DOWN

€7013-434 | TEMPERATURE - METEOROID SHICLD, EXTERIOR | 63.74 NIDT0  |PEGGED
NUMBEP 3 DOWN

C7013-434 TEMPERATURE - METEOROID SHIELD, EXTERIOR 63.79 MID TO PEGGE D
NUMBER 7 DOWN

(7015.430 | TEVPEOATURE - METEOROID SHIELD, EXTFRIOR | 64.09 1D ™ L(S«Gw
NUMBER § w

mr;f;}‘mmkmwmmmm
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ROLL RATE

V SIMULATED FORCE INTRODUCED, 62.88 SECONDS
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Fiaure 17-11. Comnarison of Actual and Simulated Roll Rate During
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Table 17-4. Seauential Summary of Events Related to 593-Second Anomaly

T M q
wEASREMENT | WCASUREMENT DESCRIPTION i INDICATION. PEAK PEMARKS
NUMBE R AND (OCATION TSTIND. PERK AMPL 1 TUDE )

RE.602 1U YAW CONTROL £91.2

RE-602 0 PITOm CONTROL se1.2

£1-90% VIBRATION, X.&K]S, STRUCTURAL TRANSITION 592.7 +0.1 6 NO AMPLITUDES OF SI2E
SECTION AF* BULKMEAD, STRINGER 23 PevL OAD -
{wDA)

R6-602 1u ROLL RATE 592.9

£7-602 TU YAW ACCELERRTION 592 72 %911

A2-603 Tu LONGITUDINAL ACCELERETION 592.8

A6-603 Iy PITCH ACCELERATION 592 .82 $93.% +0. 86 G 120 SPS

£40-603 VIBRATION, UPP{R MORNTING RING, LOCATION 592 .87 593.0% +17 6
21, PERPENDICULAR {]U) -

£2-£30 VIBRATION, X-Ax!S, PAYLOAD SwikOUD AT AT® £03 0% «0.3 6 NO AMPLITUDE CHANGE OF
ATTACH POINT - SIGNTF1CANCE

HIN-€03 I ACCELEROMETER PIZx ST 128N /1| 593,08 $93.07

H12-603 Y ACCELEROMETER PICKUP ST-128m (11) $93.0% $93.09

H11-603 X ACCELEROMETER PICKUP ST-24M (U] €93 06 §011

£7000-436 VIBRATION, ORBITAL WORK SHOP (OWS) FIL® 593 .06 VERY SMAL| AWPLITUDES
VAULY LONGITUDINAL

C7243-433 TEMPERATURE - SOLAR ARRAY SYSTEW, WING 2, 591 .1 $93.7% "D YO o PEGGED AT 593. 7%
SECTION ), PANEL 3

(7249-433 TEMPERATUPE - SOLAR ARPAY SYSTEM, WING 2, £94.0 ®ID TO OOMN] PEGGED
SECTION 3, PANEL 3

(7245-433 TEMPERATURE - SOLAR ARRAY SYSTEWM, WING 2, 595 .1 WID TO DOMN| PEGRED
SECTION 2, PANEL 3

G7008-433 POSITION - SOLAR ARRAY SYSTEM, WING 1V, 603.2% 91 OWANGE
SECTION 1

a sequential listing of events that may be related to this anomaly. Rate

gyros in the IU indicated pitch, yaw, and roll disturbances. The roll

rate increase started about 592.5 seconds, 1.38 seconds after the structure

was severed, approximately at the end of nominal retro-motor burn, and

continued for approximately one second. At 592.83 seconds a severe shock

was experienced by the IU, with approximately +17 q amplitude measured by
£40-603 which is located near the root of the SAS Wing No. 2. About this time,
probably between 593 and 594 seconds, all electrical signals from SAS Wing No, 2
were lost (Fiqure 17-12).
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Figqure 17-13 presents the location of pertinent IU instrumenta*ion and .he
general confiquration of the OWS at the 593 second time period. Fiqure 1/-14
shows the sequence of events during the 593 second anomaly as interpreted
from measured vehicle motions and analyses of the aerodynamic forces acting
on the vehicle during retro-1ire. The following sequence of events is
believed to have occurred. At 591.18 the retro-fire command was initiated
and plume impinaement caused a positive yaw rate buildup and a reduction in
the positive pitch rate.

At 592.3 SAS Wing No. 2 deployed into the plume of the retro-motor in I-IV
Ouadrant, and beaan to affect rigid body rates causing a large negative

roll rate and a small negative pitch rate increment. This impingement force
deformed the arm as a cantilever beam in the -Z direction and produced a
neqative yaw rate which overcame the positive rate previouslv induced by
plume impingement on the OWS. The retro impingement also accelerated the
deployment rate of SAS Wing No. 2. These retro exhaust plume impingement
forces are shown in Fiqure 17-13.

At 593.0 retro-fire ceased and basic rigid body rates became constant. The
release of the side force on SAS Wina No. 2 which had stored strain energy
in the SAS Wina No. 2 arm (and in the support point) in the direction normal
to the hinae line, caused local structural dy.amic activity. This shows up
as oscillations in the roll, pitch, and yaw rates. The IU accelerometers,
located at Position IV, also pickup a local transient at this time. The
SAS Wing No. 2 arm continued to deploy.

At 593.4 a transient occurred in the yaw direction. This was possibly
caused by the SAS Wing No. 2 arm as it progressed thiough its hinge stops.

At 593.9 the SAS Wing No. 2 arm transferred momentum to the SWS causing a
negative increment in yaw rate and a smaller positive increment in pitch
rate. The SAS Wing No. 2 was torn away from the OWS at this time. A1l
electrical communication with SAS Wing No. 2 was lost at that time.
Correlatable structural oscillations were observed in pitch and roll rates,
and smaller oscillations in yaw rate. Yaw is primarily in the direction
of the hinge, roll and pitch primarily normai to the hinge. The local
structural dynamics were also picked up by the IU accelerometers at this
time.

17.4 METEQROID SHIELD FAILUPE

The suspected cause of the structural breakup of the meteoroid shield is
air flow through the open areas of the auxiliary tunnel aft boot. Fiqures
17-15 and 17-16 show the initial and second phase responses of the
auxiliary tunnel system to externally applied pressures causing inward air
flow at the aft rubber boot as well as through the open areas of the aft
fairing. The result of the air flow at the aft boot is to change the
loading condition from a crushing pressure along the entire length of the
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PRESSURE DIFFERENTIAL, psi

tunnel to a condition where the forward tunnel section is subjected to a
significant burst pressure. Only 0.2 psi is recuired to 1ift the shield.
An average pressure of approximately 1.1 psi was aoplied over the forward
2 to 3 feet of the shield. This force is sufficient to 1ift the shield
edge 2 inches or more as determined by structural test. Fiqurz 17-17
shows the Auxiliary Tunnel Pressure Distribution at 63 seconds (Design
Burst Pressure Maximum 0.025 psid). The air flow at the aft end of the
auxiliary tunnel permitted a burst pressurization of the tunnel and
resulted in liftina of the shield toward the free air stream at approxi-
mately 63 seconds. Ram air at approximately 1.05 Mach entered underneath
the MS and caused a rapid pressurization and the diveragent load-deflection
condition led to a structural failure of the meteoroid shield.

" ASSIMED LEAKAGE AREA S INZ LA ] P ]
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TUNNEL [ RUBBER BOOT
.2 i % _.-PRESSURE
BONDED A DEPENDENT

SEAL

*1 * P YOKE-
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Ut ‘
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e, W
—k Al ) i | —

800T LEAKAGE

2 —INADEQUATE METAL
TQ METAL FIT LEAKAGE

s S § T
-~ AFT FAIRING

BURST

CRUSH

| 1 ] | | | | | I | | !
3185.85 3145.85 3105.85 3065.85 3025.85 2985.85 2945.85 2905.85 2865.85 2825.85 2785.85 2745.85
VENICLE STATION, INCHES

Figure 17-17. SL-1 Puxiliary Tunnel Calculated Pressure Distribution
at 63 Seconds

17.5 CONCLUSIONS

The observed phenomena resulted from a structural failure of the OWS
meteoroid shield, at approximately 63 seconds, originating in the Quadrant
between Positions I and II, and propagating counter-clockwise through
Position IV to Position III. Static aerodynamic forces near Mach 1 acting
on the protruding auxiliary tunnel are indicated to be the most probable
cause. A substantial part of the meteoroid shield apparently separated

~

from the vehicle and forced partial deployment of SAS Wing No. 2. A
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portion of th:= meteoroid shield remains between Positions II and III.
These findings are confirmed by on-orbit pictures taken by the crew of
Skylab-2, After S-I1/SWS separation, the exhaust from the retro-motor
in tne I-IV Quadrant apparently impinged on the partially deployed SAS
Wing No. 2 forcing it to the fully deployed position. As it hit tne
ninge stops, the vehicle experienced a *+17 g shock, the wing sheared
off, and electrical connections were sev-red.

Visual observation during rendezvous with the SWS by the Skylab-2 crew
substantiated the conclusion from boost phase data that the OWS was
operating witn most of the meteoroid shield and all of SAS Wing No. 2
missing. It was also observed (verifying boost data) that SA5 Wing
No. 1 was being prevented from total deployment by the remaining portion
of tne meieoroid shield. The most probable cause of the failure was
the application of burst pressure to the meteoroid shield which was
designed for crush pressure only. The crush pressure only criteria
would probably have been valid provided the aft end of the auxiliary
tunnel had been sealed. An examination of the auxiiiary tunnel aft
boost design indicates that it was never intended to be an effective

seal.

17.6 IMPACT OF ANOMALIES ON LAUNCH VEHICLE

The launch vehicle rea-ted properly to the external disturbance with

no significant effect except for damage to the S-II second plare separa-
tion system. This failure is discussed in paragraph 9.5.,2. The origin
of the €3 and 593 second anomaiies were in a unique payload anc external
to the launch vehicle; therefore, no launch vehicle corrective action

1S necessary.

17.7 INVESTIGATING COMMiTTEE

On May 22, 1972, Dr. Fletcher, NASA Administrator, appointed Mr. Bruce T.
Lundin, Director of Lewis Research Center, as chairman of a board to inves-
tigate the anomalies which occurred during the launch of Skylab-1. On

May 18, 1975, Rocco A. Petrone, MSFC Director, authoriz_d tne Saturn Flight
Evaluation Working Group (FEWG) to collect and analyze all flight data
relative to the OWS meteoroid shield and solar array system anomalies
during the launch phase of Skylab-1. The initial findings of the FEWG

were submitted tc the SL-1 Investigating Board on June 12, 1973, for
consideration. The findings of the Investigating Board are documented in
"NASA Tnvestigat.on Board Report on _he Initial Flight Anomalies of
Skylab-1 on May 14, 1973," dated July 13, 1973,

The descriptions of t+~ meteorcid shieid failure contained in this docu-
ment and the Investi .=:ing Board's Report are substantially the same.

The Aifferences are minor and are primarily due to refinement of the

timed sequence of events. These differences can be attributed to MS/C

and contractor analyses received by the FEWG after the Board's investigation

had been completed.
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APPENDIX A
ATMOSPHERE
A SUMMARY

This appendix presents a summary of the atmospheric environment at launch
time of the SA-513. The format of these data is similar to that presented
on previous launches of Saturn vehicles to permit comparisons. Surface
and upper level winds, and thenuodynamic data near launch time are given.

A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME

During the launch of Skylab-1, the Cape Kennedy launch are:c was experienc-
ing cloudy conditions with warm temperatures and gentle surface winds.
These conditions resulted from a warm air mass covering most of Florida.
This warm air was separated from a cold air mass over the rest of the
South by a quasi-stationary front oriented east northeast - south southwest
with its nearest point being about 90 miles northwest of KSC. Although
the stationary front was weak, it still produced overcast conditions over
Cape Kennedy prior to and during launch time (see Figure A-1). Surface
winds in the Cape rennedy area were light with a southerly component as
shown in Table A-1. Wind flow aloft is shown in Figure A-2 (500 milli-
bar level). The maximum wind belt was located north of Florida, giving
less intense wind flow aloft over the Cape Kennedy area.

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME

At launch time, total sky cover was 10/10, consisting of scattered

cumulus at 0.7 kilometers (2,400 feet), scattered stratocurmlus at 1.5
kilometers (5,000 feet), broken altocumulus at 3.7 kilometers (12,000 feet)
and cirrus at 7.0 kilometers (23,000 feet). Surface ambient temperature
was ~03°K (86.0°F). During ascent the vehicle did pass through the

cloud layers. No lightning was observed in the Cape Kentnedy area. All
surface observation: at launch time are summarized in Table A-1. Solar
radiation data for the day of launch is not available, due to miscalibra-
tion of the instr ments.

A.4 UPPER AIR MEASUREMENTS
Naia were used from three of the upper air wind systems to compile the
final meteorological tape. Table A-2 summarizes the wirnd data systems

used. Only the Rawinsonde and the Super Loki Dart meteorological rocket
data were used in the upper level atmospheric themmod: namic ana_yses.

A.4.1 Wind Speed
Wind speeds were light, being 3.0 m/s (5.8 knots) at the surface and
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Table A-1.

Surface Observations at SA-513 Launch Time

SKY COVER uiND*
TiME PRES- TEM- OEW RELA- vist- oo HE IGHT
LOCATION ?F(T)Ell 'S.l,lgz PERAIUR[ P(‘)l?ﬂ .T"I’V'ED B'l(:.‘l" 2:““'” (LOuo OF BASE SPEED DIR)
- ° ° - ‘ TYPL ME TERS M/S (0€G
(min) | (PSIA) | (°F) (of) | 1ty (5){(STAT M, | TENTHS) (FEET) (KNOTS)
NASA 150 m» Ground 0 0. 1N 303.2 291.5 53 16 ] Cumulus 132 2.5 262¢
Nind Tower. (14.75) {86.0) (65.0) (10) {2400) (5.0)
Winds measured at 3 Strato- 1524
10 m (32.8 ft)er cumultug {5000}
[ Altp- 3658
cumu lus (12,000)
5 Cirrus 7010
(23,000)
100e¢
Cape Kennedy AFSoe* 150 10. 166 300.6 294.9 n .- .- .- .- 3.000 14000
Surface (14.74) (81.3) (n.n {6.0)
Measuremer.ts
Pad 392 Lightpole () - - -- -- . - - - 5.1 158
$€ 160.3 - (10.0)
(60.0 ft)ee
Pad YA LUT E 0 .o .- .. - .- -- .- -- 5. Wm
161.5 m (530 ft)ee (10.0)

*  [nstantaneous readings at T.0, unless otherwise noted.

**  Above natural grade.
*** Bslloon relesse site.

. 10 Minute average about T-0.

s | minute average about T-0.

ses Total sky cover.
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Table A-2.

Systems Used to

Measure Upper Air Wind Data for SA-513

RELEASE TIME

PORTION OF DATA USED

STAR? END
TIME TIME
TIME TIME
TYPE OF DATA (uT) #fg‘" ALTITUDE AFTER ALTITUDE AFTER
(FT) (MIN) (FT) (MIN)
FPS-16 Jimsphere 1785 15 125 15 18,725 64
(410) (48.310)
Rawinsonde 2000 150 14,750 198 24,750 231
(48.392) (81.200)
Super Loki Dart 1800 30 62,500
(205 .050) 30 25,000 56

(82,020)




increasing to a peak of 34.4 m/s (66.8 knots) at 12.70 kilometers (41,666
feet). The winds began decreasing above this altitude, becoming rela-
tively calm at 34.25 kilometers (112,367 feet). Above this level, winds
increased again to a peak of 41.0 m/s (79.7 knots) at 54.50 km (178,804
feet) altitude as shown in Figure A-3. Maximum dynamic pressure occurred
at 12.03 kilometers (39,459 feet). At max Q altitude, the wind speed and
direction was 24.2 m/s (17.0 knots), from 264 degrees. SL-1 pad 39A

L

wind data is available in MSFC memorandum S&E-~AERQ-Y¥T-i5-72

£.4.2 Wind Direction

At launch time, the surface wind direction was from 140 degrees. The
wind direction was southwesterly throughout the lower and middle
troposphere, becoming westerly throughout the upper tropospiere and luwer
stratosphere. Above 20 kiloneters (65,616 feet) easterly flow prevailed.
Figure A-4 shows the complete wind direction versus altitude profile.

As shown in Figure A-4, wind directions were quite variable at altitudes
with low wind speeds.

A.4.3 Pitch Wind Component

The pitch wind velocity component (component parallel to the horizontal
projection of the flight path) at the surface was a tailwind oi 7 5 m/s

(0.9 knots). The maximum tailwind, in the altitude range of i to 16
kilometers (26,247 to 52,433 ft), was 26.2 m/s (50.9 knots. -bserved at 13.03

kilometers (42,732 feet) altitude. See Figure A-5.
A.4.4 Yaw Wind Component

The yaw wind velocity component (component normal to the horizontal pro-
jection of the flight path) at the suiface was a wind from the right of
3.0 m/s (5.8 knots). The peak yaw wind velocity in the high dynamic

pressure region was from the left of 24.9 m/s (48.3 knots) at 12.68 kilo-
meters (41,584 feet). See Figure A-6.

A.4.5 Component Wind Shears

The largest component wind shear (ah = 1,000 m) in the max Q region was a
pitch shear of 0.0139 sec-1 at 14,05 kilometers (46,095 feet). The largest
yaw wind shear, at these lower levels, was 0.0107 sec-1 at 9.25 kilo-
meters (30,347 feet). See Figure A-7.

A.4.6 Extreme Wind Data in the High Dynamic Region

A summary of the maximum wind speeds and wind components is given in
Table A-3. A summary of the extreme wind shear values (ah = 1,000 meters)
is given in Table A-4.
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Table A-3.

Maximum Kind Speed in High Dynamic Pressure Ragicn for
Apollo/Saturn 501 through Saturn 513 Vehicles

MAXIMUM WIND MAXIMUM WINC COMPONENTS
VEHICLE |

NUMBER SPLED DIR ALT PITCH (Wy) ALT YAK {Wg) ALT

M/S (DEA) KM M/S KM M/S KM

(KNOTS) (FT) {KNOTS) (FT) (KNOTS) (FT)
SA-501 26.0 273 11.5C 24.3 11.50 12.9 9.00
(50.5) (37,700) (47.2) (37,700) | {25.1) (29,500)
SA-502 27.1 255 13.00 27.1 13.00 2.9 15.75
(52.7) (42,650) (52.7) (42,650)| (25.1) (51,700)
SA-503 34.8 284 15.22 31.2 15,10  22.6 15.80
(67.6) (49,900) (60.6) (49 ,500) | (43.9) (51,800)
SA-504 76.2 264 11.73 74.5 n.720f 21.7 11.43
(148.1) (38,480) | (144.8) (38,390)| (42.2) (37,500)
SA-505 42.5 270 14.18 40.8 13.80 18.7 14.85
(82.6) (46 ,520) (79.3) (45,230) | (3€.3) (48,729)
SA-506 9.6 297 11.40 7.6 11.18 7.1 12.05
(18.7) (37,400) (14.8) (36,680)( (13.8) (39,530)
SA-507 47.6 245 14.23 47.2 14.23| -19.5 13.65
(92.5) (46 ,670) (91.7) (46 670) [(-37.9) (44 ,780)
SA-508 55.6 252 13.58 55.6 13.58| 15.0 12.98
(108.1) (44,540) | (108.1) (44,540) | (29.1) (42,570)
SA-509 52.8 255 13.33 52.8 13.33] 24.9 10.20
(102.6) (43,720) | (102.6) (43,720) | (48.5) (33,160)
SA-510 18.6 063 13.75 -17.8 13.73 7.3 13.43
(36.2) (45,110) | (-34.5) (45 030) | (14.2) (44 p4r)
SA-511 26.1 | 257 11.85 26.0 1n.85| 12.5 15.50
(50.7) (38.880) | (50.5) (38,880) | (24.2) | (50.850)
SA-512 45.1 3N 12.18 34.8 12.18| 29.2 11.35
(87.6) (39 945) (67.6) (39,945) | (56.8) (37,237
SA-513 34.4 267 12.7C 26.2 13.03| 24.9 12.68
(66.8) (41,666) (50.9) (82,732) | (48.3) (41,584)
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Table A-4. Extreme Wind Shear Values in the High Dynamic Pressure Region
For Apollo/Saturn 501 through Saturn 513 Vehicles
(zh = 1000 m)
PITCH PLANE YAW PLANE
VEHICLE -
NUMBER (SHEA$ ALTLLUDE SHEA$ ALTLZUDE
SEC- SEC- o

) (FT) ( ) (FT)
SA-501 0.0066 10.00 0.0067 10.C0
(32,800) (32 .800)
SA-502 0.0125 14.90 0.0083 13.28
(48,300) (43,500)
SA-503 0.0103 16.00 0.0157 15.78
(52.,500) {51,800)
SA-504 0.0248 15.15 0.0254 14.68
(49,700) (48,160)
SA-505 0.0203 15.30 0.0125 15.53
(50,200) (50,950)
SA-506 0.0077 14.78 0.0056 10.30
(48,490) (33,790)
SA-507 0.0183 14.25 0.0178 14.58
(46,750) (47,820)
SA-508 0.0166 15.43 0.0178 13.98
(59.610) : (45,850)
SA-509 ' (.0201 13.33 0.0251 11.85
| (43.720) (38,880)
SA-510 | 0.0110 11.23 0.0071 14.43
(36.830) (47,330)
SA-5T 0.0095 13.65 0.0114 15.50
(44.780) (50,850)
SA-512 0.0177 7.98 0.0148 10.65
(26,164) (34 940)
SA-513 0.0139 14.05 0.0107 9.25
| (46,095) (30,347)
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A.5 THERMODYNAMIC DATA

Comparisons of the thermodvinamic data taken at SA-513 launch time with
tre annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature,
pressure, density, and Optical Index of Refraction are shown in Figures
A-8 and A-9, and are discussed in the following paragraphs.

A.5.1 Atmospheric Temperature

Awmospheric temperature differinces were small, generally deviating
less than 3 percent from the PRA-63, below 63 kilometers (206,690 feet)
altitude. Temperatures did deviate to 2.5 percent of the PRA-63 value
at 14.50 km (47,572 feet). Air temperature was warmer than the PRA-63
at the surface and oscillated about the PRA-63 above this ievai. See
Figure A-8 for the complete profile.

A.5.2 Atmospheric Pressure

Atmospheric pressure deviations were slightly greatev than the PRA-63
pressure values from the surface through 26 kilometers (85,301 feet)
altitude. The peak deviation of 1.1 percent occurred at 17.85 kilometers
(58,562 feet) altitude. See Figure A-8.

A.5.3 Atmospheric Density

Atmospheric density deviations were also small, being within 3 percent
of the PRA-63 below 35 kilometers (114,828 feet) altitude. The density
deviation reached a maximum of 3.0 percent greater than the PRA-63
value at 18.25 kilometers (59,875 feet) as shown in Figure A-2.

A.5.4 Optica! Index of Refraction

The Optical Index of Refraction at the surface was 10.4 x 10'6 units lower
than the ccrresponding value of the PRA-63. The deviation then became

less negat ve with altitude, ard approximated the PRA-63 at high altitudes,
as is shown in Figure A-9. The maximum value of the Optical Index of
Refraction was 1.39 x 10-6 units greater than the PRA-63 at 13.25
kilometers (43,471 feet).

A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES

A _ummary of the atmospheric data for each Saturm V launch is shown in
Table A-5.
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Table A-5. Selected Atmospheric Observations for Apollo/Saturn 501 thrcugh
Saturn 513 Vehicle Launches at Kennedy Space Center, Florida

8L-v/(1-¥

VEHICLE DATA SURFACE DATA INFLIGHT CONDITIONS
Time PELATIVE winpe MANIMM WIND [N B-16 M LAYER
VEMICLE DATE NEAKEST LAUNCH PRESSURE  TEMPERA. MUMIDITY cLoups
WMBER MINUTE COmLES Ny CME TORE C PEOCENT SPEEC DIRECTION ALTITUDE  SPEED  DIMECTION
/s DES » n/s .17
SA-50) 9 Nov 67 0700 €St 394 13.251 17.6 £s 8.2%¢ 070°¢ 4710 stratocumulus 11.50 26.0 n
SA-802 4 Apr 68 0700 £s7 A 10.200 9 8) §.40 132°¢  ¢/10 stratocumlus, 13.00 27 255
1/10 ¢trrys
$A-503 Pl Dec 68 Q751 EST 139 10.207 15.0 48 §.70e ME**  4/10 cirrus 15.22 e 764
SA-904 ) Mor 69 100 EST 9A 10.29% 19.6 ¢ 6.9 156 7710 stratocumulus, n.n 76.2 264
10710 altostratys
SA-50% 18 May 69 1249 €07 9% 19.190 26.7 75 9.0 12 410 comlus, 418 @5 279

2/10 sltocumulus,
10/10 cierys

SA-508 |16 Ju) 89 0932 €01 194 10.20) 29.4 3] 1) 1% 1710 cumylus, 11 40 9.6 9
2/10 altocumylus,
9/10 cirerostratus

SA-$07 14 Nov 69 1122 €87 39 19.081 2.9 92 6.8 80 15/10 stratocumuivy 14.2) 47.6 245
. witlh rpin
SA-500 11 Apr 70 1413 €8T £ ) 10.119 24.4 57 6.) 105 4/10 altocumuiuvs 1).50 55.6 252
10710 cirrostretws

sA-s09 [N N 160) €37 A 10.102 1. [ ) 5.00e 258% 7710 cumulus L0} } 52.¢ 25
0.5¢0e¢ 275%¢  2/10 sl tocumw)us

SA-510 (26 Jul N 0934 £OT 94 10.196 29.8 68 5, 100 156%¢  7/10 cirrus 13.7% 18.6 08)
§.40¢ 15gee

SA-411 16 Mpr 72 1254 EST MA 10.183 Nn.2 “ :f 269 2/10 cumilus 11.8% 2%.1 257

. 254

SA-812 7 Oec 72 0033 €87 A 10.200 2.9 9 4.) 005 2/10 stratocumulus, 12.18 6.1 m
5.4 33 5/10 cirrus

$A-81) 14 Mgy 72 1330 EO7 PA 0.1 3.0 83 5.1 153 3/10 cumulus 2. .4 %7
5.1 m 3710 stretocumive

6/10 altocumlvs
$10 cirrvs

*Instantensous readings from ciharts at T-0 (unless otherwise noted) from anemometers on launch pad 39 (A § 8) light pole
ot 18.3 » (60.0 ft). Beginning with AS-509, wind messurements ware required ot the 161.5 m (530 ft) leve! from

onemoma ter charts on the LUT. These instantaneous LUT winds are given directly under the listed pad 1ight pole winds.
Meights of snemometers are sbove natural grade.

*"Not instantansous, but one minute average adout T-0.




APPENDIX B
SL-1/SA-513 SIGNIFICANT CONFIGURATION CHANGES

8.1 INTRODUCTION

The Skylab-1 (SL-1) space vehicle consisting of the SA-513 Launch Vehicle
2~ ' the Saturn Work Shop (SWS) is the first to be launched in the
Skylab series. The SA-513 Launch Vehicle booster is comprised of
Saturn V hardware as follows: S-IC-13 stage for initial boost; S-II-13
stage for final boost into a ne3r circular earth orbit; and IU-512
stage, located in the SWS, to provide sequencing and guidance commands
for the space vehicle during launch, ascent and payload orbital
insertion. The SWS is the orbital payload of SL-1 and is comprised of
the Payload Shreud, Oroital Work Shop, Airlock Module, Multiple

Docking Adapter, and Apolio Telescope Mount and IU stage. The IU
stage, structurally a part of the Saturn Work Shop, provides initial
sequencing and attitude control commands to the SWS in additior to
being a functional part of the SA-513 Launch Vehicle. Figure B-1

shows the Skylab Space Vehicle configuration.

B.2 S-1C STAGE
B.2.1 S-1C Configuration

The S-IC Stage, as shown in Figure B-2, is a cylindrical structure designed
to provide the initial boost for the Saturn V/Skylab-1 vehicle. This
booster stage is 133 feet long and has a diameter of 33 feect. The basic
structures of the S-IC are the thrust structure, fuel (RP-1) tank,
intertank section, LOX tank, and the forward skirt. Attached to the

thrust structure are the five F-1 engines which produce a combined

nominal sea level thrust of 7,610,000 1bf. Four of these engines are
spaced equidistantly about a 30.33 foot diameter circle. The four out-
board engines are attached so they have a gimballing capability. Each
outboard engine can move in a 5 degree, 9 minute square pattern to pro-
vide pitch, yaw, and roll controi. The fifth engine is mounted on the
stage centerline. In addition to supporting the engines, the thrust
structure also provides support for the base heat shield, engine accessories,
engine fairings and fins, propellant lines, retro motors, and environmental
control ducts. The intertank structure provides structural continuity
between the LOX and fuel tanks, which provide propellant storage; and the
forward skirt provides structural cortinuity with the S-II stage.

B.2.2 S-1C Systems

Systems on the S-IC include:
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Skylab Space Vehicle Configuration

Figure B-1.
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a. Propulsion System as discussed in paragraph B.2.1.

b. Propellant Storage and Delivery System. The fuel tank, with 29,301
TtJ capacity, supplies RP-1 and the oxidizer tank, with 47,369 ft3
capacity, supplies LOX to the engines.

c. Propellant Pressurization System. Maintains required propellant
inTet pressure to the engine turbopumps and provides for tank
venting.

d. Retro Motor System. Eight solid propellant retro motors, located
inside the four outboard engine fairings and attached to the thrust
structure, provide separation thrust after S-IC burnout.

e. Purge System. This system provides pressurized nitrogen to
various engine subsystems and cocoons to reduce concentration of
hazardous gases or for thermal conditioning.

f. The Pneumatic Control Pressure System which provides a pressurized
nitrogen supply for command cperations of various pneumatic valves.

g. The POGO Suppression System. This system provides gaseous heiium
to a cavity in each of the LOX prevalves of the four outboard
engine suction lines. These gas filled cavities act as a "spring"
and serve to lower the natural frequency of the feed system and
thereby prevent coupling between engine thrust oscillations and
the first longitudinal mode of the vehicle structure.

h. The Hydraulic System. This system distributes power to operate the
engine valves and thrust vector control system.

i. The Electrical System. This system distributes and controls the
stage electrical power.

j. The Environmental Control System (ECS). This system protects the
S-T1C stage compartments from temperature extremes, excessive humidity
and hazardous gas concentrations.

k. The Instrumentation System. This system monitors functional opera-
tion of the stage systems and provides signals for vehicle tracking
during S-IC burn.

The more significant configuration changes between AS-512 S-IC and SA-513
S-1C are shown in Table B-1.

B.3 S-11 STAGE
B.3.1 S-1I Configuration

The S-11 Stage, as shown in Figure B-3, is a cylindrical structure
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Table B-1. S-IC Significant Configuration Changes

SYSTEM CHANGE REASON
F-1 Engines Provide 1-2-2 Engine To avoid exceeding
Cutoff Sequence structural design

Timits of the Apollo
Telescope Mount (ATM)
at outboard engine
cutoff.

designed to provide second stage boost of the Skylab payload into earth
orbit. This booster stage is 81.5 feet long and 33 feet in diameter.
Propulsive power is provided by five J-2 engines with a combined nomina?!
thrust of 1,158,279 1bf. The four outboard engines are provided with
gimballing capability to provide attitude control in pitch, roll and

yaw during powered flight, The fifth engine is mounted on the stage
centerline.

The S-I1 stage is made up of five major units: (1) aft interstage,
(2) aft skirt thrust structure, (3) liquid oxygen tank, (4) liquid
hydrogen tank, and (5) forward skirt.

B.3.2 S-1I Systems

Systems on the S-II include:

a. Propulsion System as discussed in paragraph B.3.1.

b. Propellant Storage and Delivery System. The fuel tank with 37,737
ttJ capacity supplies LH, and the oxidizer tank with 12,745 ft3
capacity supplies LOX to the engines. The two tanks are separated
by a common bulkhead.

&

c. Propellant Pressurization System. Maintains required propellant
inlet pressure to the engine turbopumps and provides for tank venting.

d. Purge System. This system provides for thermal control of equip-
ment containers in the forward and aft S-II skirt areas, S-II
engine compartment, and S-1I/S-IC interstage during launch operations.

e. Pneumatic System. This system provides a pressurized nitrogen
supply for operation of stage pneumatic valves.

f. Safing System. This system provides for non-propulsive venting of
propellant tanks and gas storage bottles after end of powered
flight.

g. Flight Control Subsystem. The flight control subsystem incorporates
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a self-contained hydraulic system for gimbal control of the
engines. A continuously operating closed-loop hydraulic system
is provided for each outbcard engine to control engine gimballing.

Instrumentation.
data associated with vehicle performance and its environment.
system consists of transducers, signal conditioners, telemetry
equipment, and RF equipment,

The instrumentation system acquires and transmits
The

clectrical Subsystem. The electrical power system contains
battery power to supply inflight electrical power and distributes
the power to various equipment containers and other major subsystems.

Environmental Control Subsystems. The environmental contiol sub-
systems consist of two basic subsystems: the thermal control
system for thermal protection of equipment containers on the ground
including containers in forward and aft skirt and engine com-
partment conditioning system for purging and temperature control of
the S-11/S-IC interstage during launch operations.

Significant configuration changes between S-11-12 and S-11-13 are chown

in Table B-2.

Table B-2. S-II Significant Configuration Changes

F SYSTEM CHARGE REASON
Structure Increase the effective venting area of the S-I' To regulate internal skirt pressure during ascent
forward skirt Oy 46 square inches. within the S-]1 skirt and OMS interstage design
Timity
Adgition of closures and szalant to aft ends of To minimize S-1C plume- nduced flow separation heating
S<11 farrings. on crenince and propellant lines under fairings.
Hod1fy the eng ne heat shieid flexible curtarns To protect thrust structure and § /engine components
by use of mproved materials. during I1ncreased base hesting from larger nominal
engine deflections with one engine out.
Ao tion df 2400 pounds of lead ballacst do'ted to To decresse the collision quiil\!y between engines
the 1nterigr support structure cof the €-11 and interstage during separation with one engine out.
1nterstage
Propuision Instatlation cf non.propulsive overbodd ver: To achieve eaual force venting from two diametrically
Tines for the LOX ang LY7 progellant tamks. opposed nozzles for each tank. Fropellant tank
venting 15 reauired for S-1. stage safing, sequenced
after S-11/ SWS separation.
Jse of existing engine and stage Systems to -ent To reduce engine tank pressures during stage safing,
engine helium and hydrogen tanas. sequenced after S-{1/SWS sepsration.
Electrical Adcrtion of crrcurtry, timers, ang ordnance ‘or To sequence stage safing functions and provide ord-
sequencing staye safing functions nance for actuat ng the LOX and LHZ non-propulsive
valses.
Addr1tron of Instrumentation measurements in safing Ta monitor systems performance.
circuitry #nd non-propulsion vent systems.
Acdrtion of redundant comrands for 5-{1 inter- tage To incresse reliability of arming #nd triggering
separation and for S-11/5WS separation events these functions

B.4 INSTRUMENT UNIT (IU)

B.4.1 IU Configuration

The U, as shown in Figure B-4, is a short
aluminum alloy honeycomb sandwich meterial

cylinder fabricated from an
and although functionally a
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a part of the booster vehicle, is structurally a part of the Saturn
Work Shop. The IU provides sequencing commands for bath the booster
and Saturn Work Shop and provides guidance, navigation, and cuntrol
commands to the booster. The IU has a diameter of 21.6 feet and a
length of 3 feet. The cylinder is manufactured in three 120 degree
segments which are joined by splice plates into an integral load bearing
unit. The top and bottom edges of the cylinder are made from extruded
aluminum channels bonded to the honeycomb sandwich material. Cold
plates are attached to the interior of the cylinder which serve both

as mounting structure and thermal conditioning units for the electrical/
electronic equipment.

8.4.2 IU Sys tems
Systems on the IU are:

a. The Environmental Control System (ECS) which maintains an acceptable
environment for the IU equioment.

b. The electrical system which supplies and distributes electrical
power to the various systems.

c. The navigation, guidance, and control system.

d. The measurements and telemetry system which monitors and transmits
signals to ground monitoring stations.

e. The flight program which controls the LVDC from seconds before
lifteff until the end of the launch vehicle mission.

The more significant configuration changes between AS-512 IU and SA-513
1U are shown in Table B-3.

B.5 SATURN WORK SHOP (SWS)

B.5.1 SWS Configuration

The SWS, shown in Figure B-5 in the deployed configuration with the
Command and Service Module docked, is composed of an Orbital Work Shop
(OWS); an Airlock Module (AM); a Multiple Docking Adapter (MDA); a
Saturn V Instrument Unit; an Apollo Telescope Mount (ATM); and a Payload
Shroud.

The Orbital Work Shop is a modified S-IVB Stage which has been fitted
cut to be suitable for manned habitation, and For the performance of
experiments in orbit, and provides:

a. A habitable enviromment, with crew provisions and consumables;

b. A capability for experiment installation and storage before launch
and operational space during manned phases;
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Table B8-3.

IU Significant Configuration Differences Between IU-512 and IU-513

SYSTEM

CHENGE

REASON

tnvivommental
Lentrol

farly shutdown of GSC! to perutt partiu] drainage of
secundary coolant loop.
Modify TC

o Uelete provision of cooling to S-1VB stage
forward skirt

0 Add S-1vB simulation loop 1n IL .0 represent
the deleted S-1VE TCS

Delete 1U hazardous gas system sarpling capabt,lity.

Delay 1n1tial water valve opering from 11ttoff «180
seconds to 11ftoff 4350 second..

Temperature levels anticipaied would result in pressures
beyond proven cepsbility of secondary coolant loon
system.

Absence of an S-1vB forward skirt cooling system requires

coolant lines simulating S-IVB TCS to maintain iU TCS
pertormance characteristics.

No requirement (L sense for hazardcas gases within OWS/
U area of SL-V.

Necessary to delay water solenotd valve opening unti!
internal compartuent pressure is below maximum level
recessary for adeguate sublimator operation.

Structures

Modify cork esteryor surface 1nsulation and
configuration.

Add reinfurcing plates te all aft interface bult
holes to provide load safety factor of 1.2,

Relccate tr 'mnal expancion chanber to co'dplate 11,
Paint exter.ur of TU whiie at lucation 7 to reduce
coclant manifold absorbed heat.

Potential contaminaticn of critical optical systems
required reduction of outgassing from cork wnsulation.

Analysis showed that SL-1 tension loads could result n
yielding of aft interface flange.

Heat load from constant svlar attitude of SWS would
result in over-pressurizetion of the secondary coolant
loor of the tnermal conditianing system.

Instrumenta-

Move (CS conponents from solar 1iluminated side of

Sotar wnerthal attitude naintarned by Shylab results

of the downrange (2) and crossrange (V) accelerometer
output for the first 10 seconds of flight.

Adeed 3 comdined Xy and X7 maneuver as opposed to a
Xz only maneuver to steer the vehicle swsy from the
Yaunch umbilical tower.

Provice capability for doth Xy and X7 commands during
S-1C stage burn. Computer Xy and X7 as & tebuler
function of time.

Provide scale factors which produce an effective
attitude error deadband of 1° of roll ang 2° in
toth pitch and yaw.

Maintain attitude hold (Chi freeze) from T&+Q until
T4+10 seconds.

Compute commands to maneuver to payload shroud
Je!!!;on attitude (local vertical maneuver nose
down

Conputer commands to maneuver to solar inertial
attitude.

Compute the winor Y00p guidance command rate limits
as a function of the sttitude error {n esch arxis
[such that the root-sum-squares do not exceed 0.3°/
second.

tion and vehicle to shaded < de. Delete coaxial switch and in exvessive (€S component temperatures after ECS
Communications| drrectional antenna. Add electrical loaa. opcration ceases. ODirecticnal antenna not required
for orbital mission. flectrical load needed to
ensure passivation of (CS battery (6D20).
Navigation, Modify the Flight Control Computer (FCC) control Provide satisfactory stability and response
Guidance 8§ gains and shaping networks tr satisfy S-1uU-$13 characteristics for SA-513.
Control design requirements.
Networks Provide expulsion control of battery electrolyte Normal battery venting could cause expulsion of
through use of a battery covering pad and a mem- battery elec rolywe
brane filter
®Modify I111/S-1VB electrical interface. Change of S-iVB stage to Saturn Work Shop.
Provide an open loop £0S. Skylab-1 will be launched unmanned.
Provide S-11 engine out interrupt to LVDA. Redundant ndications of S-11 engine out needed for
LYDA timing functions due to S-1l velocity cutoff
in lieu of S-11 fuel depletion cutoff.
Delete Q-Ball. Q-Ball previously reguired for manned missions - not
required for SL-1.
LvoC Used a fraed {prestored) acceleration rrofile in place Reduce the possibrility of 1ntroducing large errors in

navigation due to vibration near 1iftoff.

Improve tower avoidance capability for SL-V.

Improve venhicle stability.

Requires less TACS for deadband control.

MNecessary to accomplish SL-1 guidance functionms.

To limit vehicle cowmand rate to deployed Skylsd
structural limitations.
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Figure B-5. Saturn Work Shop (SWS) in Orbital Configuration



r.  Coid gas attitude control system for varying the attitude of the
cluster;

d. A solar array power source, mounting provision for the array and
routing of power to an electrical power management and distribu-
tion system;

e. Storage of cluster waste material.
The habitable portion of the Work Shop is shown in Figure B-6€.

Six cold gas thrusters are mounted in two diametrically cpposed locations
on the aft end of the Work Shop to provide attitude controi augmenting
the three control moment gyros located in the Apollo Telescope Mount.

Solar arrays, consisting of two wings, are mounted outside the Work
Shop to generate electrical power in conjunction with the power generated
by the solar arrays mounted on the Apollo Telescope Mount.

A meteoroid shield deploys some six inches radially from the outer
surface of the Work Shop to provide thermal radiation shielding and

protection from meteoroids.

The Airlock Module provides a structural support for the modules located
forward of the Work Shop, provides a habitable passageway between the
Work Shop and the Multiple Docking Adapter, and contains an airlock

for astronaut EVA activities.

The structural assembly consists of a tunnel section, a structural
transition section for attachment to the MDA, truss assemblies for
support of the tunnel section and gas supply contaisers. the deployment
assembly for the ATM, and the Fixed Airlock Shroud (FAS).

Electrical power, environmertal control, and communications support
nrovided by the Airlock Module to Skylab includes the following:

a. Eight rechargeable batteries with individual charger/regulator
units provide a total average output capability of 3830 watts.
The batteries are charged by the solar array on the Orbital Work
Shop.

b. An active/passive radiator thermal control system (16,000 Btu/hour
heat rejection), umbilical provisions for extra-vehicular activity,
and the cluster's 5 psia, nitrogen and oxygen atmosphere supply and
air purification systems.

C. VHF systems for data and for command, and also delayed-time (recorded)
voice operating with redundant deployable antennas.

The Multiple Docking Adapter provides docking facilities for the Command
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and Service Module. Two docking ports are provided: the prime docking
port is axially located on the forward end, and the backup port is
located on the side.

The Apollo Telescope Mount is a solar observatory with the capability
to observe, monitor, and record the structure and behavior of the Sun.
The Telescope Mount is supported by a deployment assembly. Throughout
launch and orbite’ insertion the module is stowed axially forward of
the Multiple Docking Adapter. After orbit insertion it is rotated 90°,
from the longitudinal axis of the cluster, to its operating position.

The ATM provides primary attitude control for the Skyladb by means of
control moment gyros. Experiment pointing control is provided, to 2
limited extent independent of the Skylab attitude_  as a "fine tuning"
function in order to assure the pointing orientation cnd accuracies
required by the solar astronomy experiments.

ATM solar arrays provide electrical power to Telescope Mount systems,
and also, in a power sharing role, to the Skylab as a whole.

The Saturn V Instrument Unit is structurally a part of the Saturn Work
Shop and is discussed in Paragraph B.4.1 of the booster description.

The payload shroud provides environmental and aerodynamic protection
for the Saturn Work Shop modules forward of the Airlock Module, and it
carries all ground and powered flight loads genev>ted by the Apollo
Telescope Mount. Jettison is accomplished by pyrotechnic devices
initiated by commands from the Instrument Unit after orbital insertion.
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